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ABSTRACT 
Sys temi c c e l l  me diated , s y s t emic ant ib o dy , and 
local ant ib o dy re sponses  were eva luated in catt le  
ino culated wi th b ovine herp esvirus type 4 ( BHV- 4 ) .  
Experiment 1 was de s igned to eva luate an in vi tro 
lympho cyte tran s forma t ion a s s ay to quan t i t a t e  the 
resp ons e of  periphera l bloo d leuko cyt e s  ( PBL ) from cat t le 
to BHV- 4 infe cted  t arget ce l l s . Three typ e s  o f  targe t 
c e l l s , b ovine emb ryonic lung- , bovine skin f ibrob las t - 13 , 
and Ve ro , we re ino culated wi th BHV- 4 a t  different 
mul t ip l i c i t i e s  of  infe ct ion and fixe d in g lutaral dehyde 
to retain BHV-4 surface ant igens . Op t imum e ffec tor to 
targ e t  ce l l  rat i o s  and length of incubat ion for the as say 
were a l s o·de termine d .  Vero ce l l s  infe c t e d  at an MO I o f  
50 and incub ated with PBL for 6 day s was op t ima l for in 
vi tro b l as togene s i s . St imulat ion .indice·s and ne t counts 
per minute whi ch were s ignificant ly different from 
pre inoculat ion va lue s were no ted fo l l owing ino cul a t ion of  
adult  cow·s in  Exp eriment 1 .  
Exper iment 2 was de s igned to de t e c t  PBL s 
s ens i t iz e d  to BHV- 4  membrane ant igens as we l l  as  humoral 
and nas a l  ant ibody respons e s  in calves ino culate d by 
e i ther the intranas a l - intratracheal (IN, IT) or the 
intramus cular route (IM). Stimulat ion ind i ce s  and net 
X 
coun t s  per minute ob tained fo l lowing ino cula t ion with 
BHV- 4 by e ither rout e were no t s ignifican t ly di fferent 
from tho se ob ta ined for uninoculated contro l calves . 
Local antibody to BHV-4 in the nas a l  cav i t i e s  wa s 
mea sure d by an indirec t fluore s cent ant ibo dy pro cedure 
and appeared 7 to 10 days after IN , IT ino cul ation on ly . 
Ilumoral ant ib o dy appeared 10 to 14 days a f ter pr imary 
inocul a t ion in both group s . Secondary chal lenge wi th 
BHV- 4 by -the s ame route resulted in a four- f o l d  increa se 
in humoral ant ibody for both IN , IT and 1M- inoculate d 
calve s a t  2 to  4 day s fo l lowing reexposure . A four - fo ld 
increase in nas a l  ant ibody was on ly demonstrated after 




L ITERATURE REVIElv AND STATEHENT OF THE PROBLEM 
Numerous vira l and bac terial agen t s  have been 
i s o lated from cat t le with resp iratory di s ea s e . The viral 
agent s inc lude bovine herpe svirus types 1 and 4 ( BHV- 1 ,  
BHV- 4 ) , a l c e l aphine h�rpesvirus 1, adenovi rus typ � s  1 ,  3 ,  
4 and 5 ,  reovirus , p arainfluenza - 3  ( P I3 ) virus , bovine 
virus diarrhea virus , bovine respiratory s yncyt ial virus , 
bovine rhinovirus · , inf luenza virus , and enterovirus ( 4 6 ) . 
Inc idence and s everity o f  the di s ease  depends upon the 
integrat e d  act ion of the infect ious agent , ho s t  
re s i s tance , and environmental s tres s e s . Each o f  the se 
fac tors mus t  b e  t aken into ac count in any a t t emp t to  
prevent� treat , contro l , or eradi cate bovine re sp iratory 
d i s eas e . Thi s  l i terature review and exp erimental  study 
w.i l l  addre s s  the pathogenic i ty and innnune r e s p ons e s  
evoked fo l lowing experimen tal inoculat ion o f  c a lve s with 
BHV-4 and o ther herpe sviruses . 
Pathogene s i s of BHV- 4 .  Exper iment a l  intrana s a l  
( IN )  and intratracheal ( IT )  inoculat ions o f  2 to 4 month 
o l d  ca lve s wi th the DN599 and FTC-2 s trains  of  BHV- 4  
produce mi l d  to  s evere resp iratory di s eas e ( 3 2 , 3 3 , 6 0 ) . 
C l inical s igns were ob s erved 5 to 10 days p o s t  
·ino culat ion ( P I ) . Ca lve s (7/7) ino culated with the DN599 
i s olate of BHV- 4 had increased body temperature 
1 
( 3 9 . 5  to  4 1.5 C ) , hyperpnea , dyspnea , and a mucopurul ent 
. na s a l  d i s charge . Conj unc t ivi t i s  was ob s erve d in 4 of the 
7 calves ino culated with DN599 and 3 ca lve s were 
anorexic ,  depre s s ed and had ral e s  in both lung s upon 
as cul tat ion . Calve s ino culated with the FTC - 2  s train of 
BHV-4 deve lope d mi l d�r c l inical s igns of re s p ira tory 
di s ea s e  ( dry hacking cough ) compared to  tho s e  ino culated 
with the DN599 s train . The mi l der c l inical  s igns no t i ced 
in the FTC -2 ino cul ated .calve s as compared t o  DN599 
ino culated c a lve s may have been due to : 1 )  reduce d  
sus c ep t ib i l i ty o f  4 month o l d  calve s to the virus , 2 )  IT 
ino culat ion wi th a lower t i ter of virus ino cu lum , or 3 ) . 
to difference s in virulence o f  the two s trains  o f  BHV-4 . 
Whi l e  differences in virulence of  s trains of  BHV-4 for 
cat t l e  has no t been demons trated , s ttain s of  BHV- 1 have 
b een shown to vary in virul enc e ( 3 4 ) . S igni f i can t 
change s  in t o t a l  and differential leu,kocY,te count s were 
no t ob s erved in the experimental calve s fo l lowing 
ino culat ion with either the DN599 or FTC - 2  s train of 
virus . Fo l l owing pr imary ino cul at ion , virus (DN599) was 
iso lated· from nas a l  se cre t ions for 4 to 1 0  days PI and 
sporadica l ly thereafter unt i l  1 7  days P I . Cha l lenge 
exp o sure of  two anima l s  resul ted in virus excret ion on 
days 2 and 6 .  The DN599 strain of BVH- 4 was a l s o  
i s o lated from the lungs , bronchi , and .trachea o f  ca lve s 
2 
that were k i l led and necrop s ied at 1 0  and 23 day s P I . 
Lung s from anima l s  inoculate d wi th either s train of BHV- 4 
conta ine d areas of consolidation and ate le ctas i s . 
Additional l e s ions included trache itis  and a ne crotiz ing 
lymphocyt ic  pharyng iti s for the FTC - 2  inoculated calve s , 
and marked proliferat ive bronchiolit i s , 
p s eudoep ithia l iz ation and comp lete los s of a lveolar 
s tructure for the 3 most s everely affe cte d DN5 9 9  calve s 
which died 16  · to ·2-3  days PI . Serum neutra l i z ing , 
comp lement f ixing , or nas a l  antibodiea were not detected 
up to 8 weeks fol lowing pr imary inoculation or within 5 
weeks af ter s e condary inoculat ion of the ca lve s with 
DN5 9 9 . Failure to dete ct antibody may have b e en due to 
the production of low avidity antibodies  whi ch were 
undete ctable by s erum neutra l ization as say s . Potg ieter 
and Mare ' (4 7 )  have s ince shown that neutra l i z ation of 
BHV-4 viru s e s  by specific antiserum is excep t iona l ly s low 
re sulting in on ly 4 0 - 5 0 %  of the infectious virus be ing 
neutral iz e d  after 1 hour . Pre s ently , the only re l iab le 
' 
method to dete ct anti -BHV- 4  antibody i s  an indirect 
immuno fluore s c ent ant ibody te st ( 4 8) . 
C e l lular Immunity to Herpe svirus e s . Immunity 
against most herp e svirus infections dep ends on the 
ab i l i ty of the ho sts' immune re sponse to stop the s pread 
o f  virus from c e l l  to ce l l . In the cas e of herp e svirus 
3 
infect ions , the virus spr
.
eads from c e l l  to c e l l  by 
int erce l lul ar bridges  and is not exp o s e d  to ant ib o dy 
( 3 9) . The appearanc e of  viral proteins in the p la sma 
memb rane o f  c e l l s  infe c ted with herpesvirus e s , pre cede s 
the re l e a s e  o f  extracel lular virus . Thus , ho s t  
lympho cyt e s  may recognize the se g lycopro t e ins  as fore ign 
to the ho s t  b e fore be ing s ens itized to who le virus . 
The s e  memb rane - as s o c iated proteins have been demons trated 
on the surface of c e l l s  infected with s evera l 
herp e svirus e s : herp e s  s imp lex virus -1 , ( HSV- 1 )  ( 18 ,  3 6) 
Marek's di s ea s e  virus (6) , vari ce l l a - z o s t er ( 2 1 ) , and 
Ep s tein
.
Barr virus ( 2 3) . Vira l g lycopro t e ins  on the 
surface o f  herpe svirus infe c ted ce l l s  are chemic a l ly 
ident ical  . to  the g lycoproteins of  the virion enve lope 
( 18 ,  3 7) . S tudie s  us ing various prepara t ions o f  
herpe svirus ant igens have shown that the ho s t  i�une 
response  i s  dire c ted pr imari ly agains t g lycopro t e ins  
pre s ent e i ther on the enve lope of  the virus or  on the 
p lasma membrane o f  virus _ infe cted ce l l s . Vac c ina t ion o f  
sus cep t ib le ho s t s  wi th detergent extrac ted enve lope 
g lycopro te ins from HSV�l ( 5 , 66) , BHV- 1 (27), 
p s eudorab i e s  ( 45 ) , and equine herpesvirus type 1 (4 2 )  
e l i c i t. lympho cyte trans format ion and humoral ant ibo dy 
re spons e s  whi ch pro tect_ agains t cha l lenge wi th virulent 
virus by IN, IM, intraperitoneal or intravenou s  rout e s . 
4 
Lymphocyte trans format ion and T ce l l -mediated 
cyt otoxic i ty as s ay s  have demons trat ed the appearance of 
an early in vivo sys t emic CMI respons e in c a t t le infec ted 
wi th BHV- 1 ( 7 , 2 6 , 5 2 , 5 3 ) . Peak cytotox i c  and 
b l as togenic re spon s e s  to BHV- 1 occurred b e tween 7 and 1 0  
days pos t primary inoculat ion of  calve s . S imi l ar resul t s  
were demons trated b y  Krogman ( 2 4 )  us ing UV- inac t ivated 
who le  virus  for monitoring lympho cyte re spons ivene s s  to  
BHV- 4 .  The increas e  in BHV- l . spec ific b la s togene s i s  
o ccurred p r ior t o  the ces s ation o f  BHV- 1 virus recovery 
from nas a l  s ecre t ions . Maximum ho s t  011 respon s e s  a l so 
coinc i de d  with the re so lut ion of c l inica l ly app aren t  
dis ease ( 7 , 2 6 ) .  Virus neutraliz ing ant ib o dy t i ters  in 
the s erum were no t ob served unt i l  6 to 9 day s af ter the 
appearance · of CMI respon s e s  to BHV- 1 .  Incre a s e s  in 
s timulat ion indic e s  to BHV- 1 were a l s o  demon s trated 
within 5 to 9 day s p o s t aero s o l  chal l enge of cat t le , 
which had b een vac c inated with e i ther a mod i f ie d - l ive 
virus , a t emperature s en�i tive virus vac c ine ( 14 ) , or 
fo l lowing recrude s cence of BHV- 1 infect ion with 
dexame tha·s one ( 7) . S imilarly , lympho cyte trans forma t ion 
wa s demons trated in calve s 3 to 7 days after secondary 
exposure to BHV- 4 and at 14 days after trea tEent with 
dexame thas one ·to exacerabate latent  BHV- 4 ( 2 4 ) . 
O ther parame ters of  ce l l  ne diated inmlun i ty (CHI) 
5 
which have been correlated wi th recovery from herp e svirus 
infect ion s  inc lude : 1) the product ion o f  int erferon and 
o ther lymphokine s  by s ens i t iz ed lymphocytes , 2 )  
a c t ivat ion o f  comp lement by virus - infe c t e d  c e l l s  leading 
to viral neutral izat ion or lys i s  of inf e c t e d  ce l l s  in the 
pre s ence or  ab s ence of  ant ibody , and 3 )  lys i s  o f  virus 
infected ce l l s  by natural kil ler or by cytotoxic T - c e l l s . 
The s e  mechani sms of  cel lular immuni ty have b e en reviewe d 
by Rous e and Bab iuk ( 5 4) . 
· Int erferon and o ther lymphokine s _may funct ion to 
inhib i t  vir a l  rep l i cat ion as we l l  as  to e l iminate virus 
infected  ce l l s  from the resp iratory trac t . Incubat ion of 
BHV- 1 wi th s ens i t iz e d  leukocytes  ob taine d from the 
resp iratory trac t s  of e i ther vac c inated or exp eriment al ly 
ino cul ated· catt le  ( 3 , 1 4) within 18 d·ays fo l lowing 
exp eriment a l  ino culat ion 'ha s resul t e d  in sub s tan t ial 
reduc t ions in the rep l i cat ion of  thi s  virus . Thi s  
reduc t ion i n  virus rep l i cation was no t due t o  ant ibody 
s ince no direct virus ne�tra l iz ing activity co�l d be 
demons trate d . Pretreatment of cul ture c e l l s  with immune 
interferoh in vi tro ha s al so  re sul ted in 8 6  to  9 9 %  
reduc t ion o f  BHV- 1  virus ( 2) .  
In a ddi t ion to the ir antivira l ac t ivity , the 
in terferons have an enhqnc ing effect . on natural kil ler 
ce l l  ac t ivi ty . Thi s  phenomenon wa s demons trated 
6 
us ing human lymphocytes infec ted with e i ther HSV- 1 or 
influenza virus { 5 7 ) . Natural killer ce l l s  have the 
ab i l i ty to lys e a wide variety of ce l l  typ e s  pr ior to the 
deve l opment o f  cyto toxic  T c e l l s  and may , therefore , 
repr e s ent the fir s t  l ine o f  defense aga ins t viral 
infe c t ion s . 
Addit ional in · vitro cyto toxic ity mechani sms again s t  
herp esvirus infe c ted c e l l s  whi ch may p lay a role  in 
recovery from primary infect ion s inc lude : 1 )  ant ibody 
dependent c e l l  cytotox i c i ty {ADCC ) ,  2 ) _ comp l emen t 
fac i l itated ant ibody dependent ce l l  cyto toxic ity { C -ADCC) 
and 3) comptement dependent neutroph i l  me dia t e d  
cyto tox i city { CDNC ) { 16 ,  1 7 , 5 1 , 5 5 , 5 6 ) . Al l three 
type s  of  cyt o tox i c i ty have been demons trated in vi tro 
agains t  ce l l s  infected with BHV- 1 ( 16 � 1 7 , 5 1 , 5 5 , 5 6 ) , 
Ep s te in Barr herp e svirus and ve s icular s toma t i t i s  virus 
( 1 7 ) . 
Humoral Immunity to Herpe svirus e s . S e rum 
ant ibody to BHV- 1 was demons trated within 5 to  7 day s 
fo l lowing aero s o l  cha l l enge of IN and IM vacc inated 
anima l s  wi th . virulent virus ( 14 ,  30). Krogman (24 ) wa s 
unab le  to de t e ct humoral ant ib ody to BHV - 4  af ter pr imary 
inoculat ion , but did demonstrate the appearan c e  o f  BHV- 4 
serum ant ibody wi thin 7 to 14 days fo l lowing s e condary 
ino culat ion or dexametha s one treatment . No inc rease  in 
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humoral ant ib o dy t i ters to BHV- 1 were no t e d  fo l lowing 
reinfe c t ion o f  intranasal  ( IN )  or intramus cular ( IM ) , 
BHV- 1 ino culate d animals  ( 13 ,  2 6 ) or fo l lowing 
dexametha s one induced recrude s c ence of BHV- 1 ( 7 ) . 
Increa s e s  in s erum ant ibody leve l s  fo l lowing aero s o l  
chal lenge of  cat t le vacc inated I N  and IM with BHV- 1 ( 14 )  
correlated with dimini shed leve ls  of  virus shedding in 
the nas a l  s ecret ions . In other s tudie s , s erum ant ibodies 
had no influenc e on the shedding o f  BHV- 1 virus in the 
nas a l  ep ithel ium of vacc inated or cha�lenged c at t l e ( 1 3 ,  
2 6 ) . 
In ·human s ,  res i s tance to resp iratory tra c t  
infec t ions caus e d  b y  rhinovirus , parainfluenz a typ e s  I 
and I I , and influenza virus is  c lo s e ly corr e l a t e d  wi th 
ant ib odie s pre s ent in nas al s e cret ion� ( 2 8 ,  3 5 , 4 4 , 6 1 , 
6 4 ) .  In catt le , s tudie s inve s t igating nas a l  ant ibody 
leve ls  and re s i s tance to vira l infe c t ion s o f  the 
re sp iratory tract have been l imi ted to PI 3 and BHV - 1 .  In 
two s tudie s , virus spec if�c neutral iz ing ant ibodies  were 
found at 6 to 10 days PI in the nas al s ecret ions o f  
catt le  experimentally ino culated wi th P I3 or BHV- 1 ( 1 2 ,  · 
2 6 ,  2 9 ) . Higher nasal antibody leve l s  were no ted 
fo l lowing primary ino culat ion:of calve s wi th P I 3 via 
intranas a l  as oppo s ed to IM inoculation . The app earance 
of na s a l or local antibodies coincided wi th the 
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d i s appearance o f  infe c t ious virus from the nas a l  
s e cret ions  in b o th the BHV- 1 and PI 3 inocul ated  calve s . 
Leve l s  o f  nas al ant ibody de c l ined rap i dly to low l eve l s  
at 2 0  days P I  in BHV- 1 ino culated calve s , but pers i s ted 
for 42 to 56 days PI  for PI3 ( 2 6 , 2 9 ) . In contras t ,  
Frank , et  a l  ( 13 )  were unab le to detect  na s a l  ant ib o dies 
to BHV- 1 un t i l  14  day s after an aero s o l  cha l l enge 
exposure o f  calve s which had previous ly been expo s ed via 
IN or IM routes . Secondary expo sure to P I 3 ( 2 9 )  o r  
aero s o l  cha l l enge o f  cattle  previous ly vac cina t e d  wi th 
e i ther a BHV- 1 temperature s ens i t ive or modified- l ive 
virus vac c ine ( 1 4 ,  3 0 ) increased nas al an t ibody levels , 
which per s i s ted for longer periods of t ime . P er s i s tence 
of the local  an tibody res ponse after s e condary cha l lenge 
wa s a l s o  ob s erve d by LeJan and As so ( 2 6 )  even though they 
were unab le  to de tect an increas e  in neutra liz ing 
act ivity . In each s tudy , animals  previous ly ino culated 
wi th BHV- 1 or P I 3 vaccine s or v
irus via intranas a l  route , 
she d smal ler quantit ies  o f  virus and re covered s ooner 
than unexp o s e d  animals . The se results  sugge s t  tha t 
local ly pro duced immunoglobulins may inhib i t  viral 
rep l ication in the res piratory tract . Oc currenc e o f  
nas al ant ib o dies to BHV- 4 fo l lowing exper iment a l  
ino culation ha s no t been reported . 
S tatement of  the Prob lem . Immunity to 
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herpe svirus infec t ions depends upon prevent ing the c e l l  
t o  ce l l  spread o f  virus . S tudies us ing various 
prepara t ion s of herp e svirus e s  have demons trated tha t  the 
immunogen i c  port ion of the herp esvirus are the enve lope 
glycopro t e ins  ( 5 , 2 7 , 4 2 , 4 5 , 6 6 ) . Pro t e ins s imi l ar to 
tho s e  found in the vir ion enve lope ·, · are found on the 
surface of c e l l s  irtfe c ted wi th var ious herp e sviru s e s  ( 6 , 
1 8 , 2 1 , 2 3 , 3 6 , 3 7 ) . Deve lopment o f  humor a l  and local 
nas a l  ant ibo dy_respon s e s  . to BHV- 1 have b een shown t o  
fo l low the CMI re sponse  . . Therefore , w e  hyp o the s iz e  that 
s imi l ar s y s temi c , humoral , and local immune respon s e s  
probab.ly o c cur after exper iment al inoculat ion with BHV- 4 ,  
but s tudi e s  do cument ing their appearance have no t b een 
repor�ed . . The purpo s e  of this s tudy was to develop a 
b las t tran s forma t ion as s ay to monitor lympho cyt e  
re spons ivene s s  to BHV-4  ant igens o n  the surface -o f  
virus - infected ce l l s  rather than t o  who le virus . Calve s 
ino culated via IN , IT and IM route s  were · s amp l ed at 
various t ime s po s t  primary and s e condary ino cul at i on to 
mon itor the sys temic CMI response by b l as t trans fo rmat ion 
to BHV - 4  �urf�ce ant igens . The sys temic and nas � l  
ant ibody re spons
.
e s  were also  eva luated . 
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INTRODUCTION 
Bovine resp iratory disease ( BRD ) accounts  for 
approxima t e ly 7 5 %  o f  the morb idity and 6 4 %  of the 
morta l i ty in c at t l e . The e t io l ogy of BRD i s  c omp l ex and 
invo lve s the interact ion o f  infect ious agent s , 
environmenta l  factors , s tre s s , and management prac t i ce s . 
Virus e s  are reported to b�  an important e t io logical  agent 
of BRD and to predispo s e-catt le to secondary b acterial 
infe c t ions , whi ch results in more s evere resp iratory 
disease  ( 4 6 ) . 
Bovine herpe svirus type 4 ha s been i s o lated from 
cattle  with resp iratory di sease ( 3 2 , 3 3 , 6 0 ) , me tri t i s  
( 4 3 ) , lymp�o s arcoma (65), and mammary pus tular de rmatitis  
( 5 0 ) . Certain s trains o f  BHV- 4 have a l s o  been shown to 
e s tablish latent infec t i6ns in the trigemina l gang l ia of 
cat t l e  ( 25 )  o r  pers is tent infe ct ions
. 
in lymphocy t e s  of 
cat t l e and rabb i t s  ( 4 0 , 4 1 )  . . However , mo s t  s trains of 
BHV- 4 do no t induce over� di sease when ino cul ate d into 
experimental  c at t le ( 33 ) . 
Recove ry from herpe svirus infe c t ion s depends upon 
the ab i l i ty o f  the ho s t ' s  immune sys tem to  re duce the 
ce l l  to c e l l  spread of the virus by the e l iminat ion of 
virus - infec ted c e l l s . The spec ific ity o f  thi s  immune 
respons e i s  dependent on the pre s ence o f  virus - spec ific 
1 1  
ant igens on the targe t  ce l l  membranes .  Vira l ant igens  
have been de tected in the p lasma memb rane s o f  c e l l s  
infe cted wi th HSV- 1 ( 18 ,  3 6 ) , Marek's dis e a s e  herp e svirus 
( 6 ) , herp e s  z o s ter ( 2 1 ) , and Ep s te in Barr virus ( 2 3 ) . 
The s e  viral g lycopro t e ins are produced early ( wi thin 4 to 
18  hours po s t  inoculat ion ) in the infe c t ion proces s and 
precede the re lea s e  of extracel lular virus . Sens i t iz e d  
lympho cyt e s  which re cogniz� herpe svirus - s p e c i f i c  an t igens 
have been de tected  and quanti tated by measur ing the 
b las togenic respon s e s  to UV-inac t ivated who l e  virus  
part i c l e s  ( 7 , 2 4 ) , to  herp esvirus infected ce l l s  ( 59 ) , or 
to enve lope g lycopro teins ( 5 , 6 6 ) . Experimen t s  with 
HSV- 1 have demons trated that the chemi cal compo s i t ion o f  
g lycoprotel:-ns pre s ent in the p lasma membrane o f  
vira l - infe cted  c e l l s  i s  s imi lar , i f  no t i den t i c a l , to  
tho s e  g lycopro teins pre�ent on the vira l  enve lope ( 18 ,  
3 7 ) .  Vac c inat ion o f  experimental anima l s  wi th nonionic 
detergent extrac t e d  enve lope g lycopro t e ins from ce l l  
cul ture s  infe cted  with BHY- 1 ( 27 ) , equine herp�svirus 
type 1 ( 4 2 ) , p s eudorab ies  ( 4 5 ) , or .HSV- 1 ( 5 , 6 6 ) have 
been us e d · to e l i c i t  lymphocyte trans forma t ion and humoral 
antibody re spons e s , which pro te ct the ho s t  from challenge 
wi th virulent virus . 
C e l lular immuni ty appears to .be the maj o r  ho s t  
defense  me chani sm agains t herp esvirus infec t ions , s ince 
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herpe sviru s e s  s pread from - cell  to  ce l l  by interce l lul ar 
bridge s and are no t exp o s e d  to ant ibody . Ce l l  me diated 
immune res pons e s , as demons trated by lympho cyte 
trans forma t i on ( 7 , 5 2 ) and ce l l  mediated cyt o tox i c ity 
( 16 ,  5 3 , 5 6 ) can be detected within 7 to 1 0  days after 
pr imary infe c t ion wi th BHV- 1 .  In contras t ,  humora l 
ant ib o dy to  BHV- 1 appears 7 to 1 0  days a f ter the CMI 
re spon s e s  ( 2 6 ) . S imi lar s tudie s wi th BHV- 4 have shown 
that c e l l  mediated immunity as def ined by lympho cyte 
b las togene s i s  was demons trated fo l l owing pr imary 
infec t ion , whereas ant ib ody to BHV� 4 was no t de tec ted 
unt i l  7 to  14  days after e ither secondary ino culat ion o f  
the virus intramus cul ar ly o r  exacerbat ion o f  l atent BHV-4 
by trea tme�t with dexame thasone ( 2 4 ) . 
Unt i l  recent ly , mo s t  s tudies on the immun i ty of 
cat t l e  to resp iratory . viruses  have de fine d the sys temi c 
CMI and ant ibody respon s e  to the virus . S tudi e s  in man , 
however , have shown that recovery from re sp iratory 
infect ions  wi th influenza_, rhinovirus , and parc;1inf luenz a 
viru s e s  i s  re lated to the pre s ence of 
_local  I gA 
ant ibo dies in nas a l  secret ions rather than sys temi c CMI 
or humora l ant ib o dies  ( 2 8 , 35 , 4 4 , 6 1 , 6 4 ) . Aero s o l  
ino culat ion o f  calve s wi th l ive , ( 1 3 ,  2 6 , 2 9 ) temp erature 
s ens i t ive , or modified- l ive BHV- 1 vac c ine virus  ( 1 4 ,  3 0 ) 
has .resul ted in e i ther unde tec tab le leve l s  ( 1 3 )  or 
414184 
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de te c t ion o f  IgA and IgGl neutra l iz ing ant ibo dies in 
nas a l  s e cret ions 6 to 1 0  days fo l l owing pr imary 
ino culat i on ( 1 4 ) . Secondary chal lenge o f  the s e  anima l s  
re sulted i n  increas ed IgA and IgGl ant ib o dy t i ters 
wi thout any s igns of c l inical disease  ( 14 ) . 
The . purp o s e  o f  the pre s ent s tudy was to  examine 
the sys temic CMI and ant ibody re sponse in cat t le to 
BHV- 4 . Our approach was to s tudy the sys t emi c CMI 
re spons e of cat t le to BHV- 4 vira l ant igens pre s en t  on the 
c e l l  sur face membrane s rather than to _who le  virus . To do 
thi s , we firs t deve loped a lympho cyte b la s togene s i s a s s ay 
us ing per iphera l b lood lymphocyt e s  from c a t t le  ino cul ated 
wi th BHV�4 virus and BVH - 4  infected  targe t ce l l s  
expre s s ing. viral ant igens on their p l asma membrane . 
Humoral and na s a l  ant ibodie s were detected by a s tandard 
indirec t immuno fluore scence procedure . Our resul t s  
reveal that whi l e  s ignificant b las togenic  re spons e s  were 
ob tained for the cows in Experiment 1 at 2 to 7 days 
po s t -primary expo sure and 7 to 2 1  days after �econdary 
exposure , s ignificant b l as togenic repon s e s  were no t 
ob tained for the calve s in Experiment 2 .  An t i - BVH-4 
ant ibodies were ob s erve d in the na s a l  s ecre t ions o f  
ino culated calve s 1 0  t o  14  day s po s t  IN , IT ino culat ion , 
whereas sys temic ant ib ody was no t de tected unt i l  4 to 7 
day s af ter s e condary inoculat ion . 
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MATERIALS AND METHODS 
Anima l s . Three adul t cro s sbred cows ob t a ined 
from a commerc ial s ource were us ed in Experiment 1 .  One 
cow ( No . 1 3 ) was s erolog ically p o s i t ive· to BHV - 4  virus at 
the t ime o f  inoculat ion , while the · remaining two cows 
( No .  4 ,  1 6 ) were s �ronegat ive for BHV- 4 .  The s e  anima l s  
were hous ed toge ther in op�n corra l s . 
Cro s sbred ca lve s ( N=8 ) used in Experiment 2 were 
ob tained at two months of age from a commerc i a l  s ource 
and were free of BHV-4  s erum an tibody at the t ime o f  
inoculation . Pas t eure l la multocida was i s o lated  fr om th� 
nas al cav i ty o f  1 o f  the 8 calve s 14 day s b e fore 
inoculat ion . No vira l p athogens were is o lated  from the 
anima l s  p rior to ino culat ion with BHV- 4 .  Bas e l ine 
re sp irat ion rates and rec t al temperatures were det ermine d 
5 and 1 0  days before inoculation . At the t ime o f  
ino culation , the calve s were divided into three 
experimental  group s and hous ed in sep ara t e  l o c a t ions 
within a s ing le  enc l o s e d  t e s t  fac ility . 
Cel l Cul ture s . Maj or hi s tocompat ib i l i ty 
re s tric t ion o f  virus spec ific cyto toxi c T - ce l l s  has been 
de s cr ibed for o ther spec ies ( 9 , 6 7 ) . Since a 
s imi liar gene t i c  re s tric t ion of the b.la·s togenic respons e 
o f  bovine lymphocytes  wa s po s s ib le , three ce l l  type s , 
•. 
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bovine skin f ib rob las ·t { BSF- 1 3 ) ,  bovine emb ryonic  lung 
( BEL ) , and Vero (Ameri can Type Cul ture C o l l e c t ion , 
Rockv i l l e , MD) were used as auto logous , homo logous and 
hetero logous targe t c e l l s  in the b las togene s i s  a s s ay ,  
respec t ive ly { s ee Experimental Des ign ) . The BEL c e l l s  
were prepare d from the lungs of fe tus e s  co l l e c t e d  a t  
abatto ir and B SF - 13  ce l l s  were e s tab l i shed b y  
exp lantat ion o f  skin b iop sy s amp l e s  from cow 1 3  a s  
previous ly de s cr ibed ( 15 ) . The c e l l  cul tures  were 
maintained on Eag l e's minima l e s s en t i�l medium (EMEM) in 
E arle's b a l anced s al t  s o lut ion wi th the fo l lowing 
supp l emen t s : 0 . 0 1 % pyruvic acid , 2 mM L - g lutamine , 1 0 0  
. 
ug/ml gento c in , 0 . 3 5 %  NaHC03 , 2 0  mH Hepes  and irradiated 
fe tal  b ov ine s erum ( FB S , Hyc lone , Logan , Utah ) . The FBS 
was us e d  at a concentrat ion of 1 0 %  (v/v ) and 2 %  ( v/v ) for 
growth and maintenance me dia , respe c t ive ly . The BEL and 
B SF - 1 3  cul tures  were us e d  within the f ir s t  ten ce l l  
cul ture pas s age s . Vero ce l l s  were used a t  p a s s age leve l s  
o f  15 0 t o  1 7 0 . Al l cul ture s were examine d b y  indire c t  
fluores cent an t ib o dy for ant igens to b ovine virus 
diarrhea virus , BHV- 4 ,  and BHV- 1 and found to be  
negat ive . 
Virus . The virus used in this  s tudy was i s o lated 
from lung t i s sue of a s ix -month- o l d  Ho l s t e in c a l f  wi th a 
his tory o f  re sp iratory disease submi tted to the South 
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Thi s  virus i s o late was identified as  BHV - 4  by 
immuno - e l ectron micro s copy a�d !FA us ing ant i - BHV- 4  
ant i s erum ( courtesy o f  Dr . David Reed , Ve terinary Me dical 
Re s earch Ins t i tute , Iowa S tate Univers i ty , Ame s , Iowa ) . 
Virus was propagated in BEL ce l l s  s e e ded in 8 4 0  
cm2 ro l l er b o t t les  ( Corn ing Gla s s  Works , Corn ing , NY ) . 
Virus was harve s ted from infe ct ed ce l l s  when the 
cytopathic effect  was ob s erved in 80 to 1 0 0 %  o f  the cell 
mono layer . The viral lysate was then-cent r i fuge d at 2 0 0 0  
x g f o r  3 0  minutes at  4 C and s tored a t  - 7 0  C .  Thi s  
s to ck preparat ion of virus was the 5 th pas s age leve l o f  
BHV - 4  o n  BEL cells  and had a t i ter o f  1 0 7·5 TCID5 0 /ml .  
Virus I s o l at ion . Nasal  s e cret ions from b o th 
nas a l  cavi t i e s  o f  each calf were co l l ected on swab s at 
various t ime s prior to and after inoculat ion wi th BHV- 4 
( s ee Exper imental De sign , Experiment 2 ) . Swab s were 
submerged in 1 ml of EMEH cont aining 1 0 %  irradiat ed FBS 
for 2 hours at 4 C .  The fe tal bovine serum had been 
previous ly s creened by indire ct immuno fluore s c ence (IFA) 
and found to be free of BHV- 4 ant ibodies . After 2 hour s , 
the specimens  were ag itated on a vortex mixer , f i l t ere d  
through a 0 . 4 5 �m fil ter ( Ge lman , Ann Arbor , t1I) and 2 0 0  
ul o f  the f i l t rate was inoculated onto 2 - day - o l d  BEL 
ce l l s  s eeded in 16mm x 125 mm cul ture tub e s .  Aft er a one 
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hour adsorp t ion period at 3 7  C ,  the res idual ino culum wa s 
dec anted and 1 ml of· maintenance media was adde d to  the 
BEL cul ture s . Cul ture s were then incub ated at 3 7  C and 
examined dai ly for cytopathic effe c t s  ( CPE ) . I f  CPE were 
not de tected after s even days , the cul tures were froz en 
and thawed three t ime s and inoculated onto fre sh BEL 
ce l l s . Each cul ture was p a s s aged three t ime s b e fore it 
wa s cons i dered free o f  virus . Cul tures  showing CPE 
typ ical  of herp e svirus es were examine d by I FA for BHV-4  
v irus ant igens as previous ly de s cr ibed ( 5 8 ) . The t i ter 
of BHV- 4 viru s e s  i s o lated on firs t pas s age from nas a l  
s e cre t ions wa s de termined by t i trating s eria l 1 0 - fo l d 
d i lut ion s  ( 1 0 - l  to  1 0 - 9 ) o f  the nas a l  swab s amp le s  on BEL 
mono layer cul ture s in 9 6 -we l l  tis sue cul ture p lates . 
Cul tures were incubated for 7 days at 3 7  C after which 
t ime , the virus  t i ter wa s e s
.
t imated by the method of Ree d 
& Muench ( 4 9 ) . 
Ant i s erum to BHV- 4 . Ant i - BHV- 4  s erum was 
. p repared as  de s cribed by Reed et a l  ( 5 0 . ) . Antib o die s to 
c e l l  cul ture proteins were removed by.ab s orp tion o f  the 
rabb i t  ant i - BHV- 4  s era as previous ly de s cr ibed ( 1 ) , 
except tha t BEL and Vero ce l l s  in bovine p l a sma were used 
as  the ins o lub i l iz ed immuno adsorb ent . The ab s orbe d  
.
rabb i t - an t i -BHV - 4  s erum was then t i trated o n  un ino culated. 
and BHV - 4  ino culated BEL and Vero ce l l s  to de termine the 
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op t imum working di lut ion for !FA .  Thi s  ant i s e ra was us ed 
in !FA pro cedure s  at an opt imal di lut ion o f  1 : 6 0 .  
Lymphocyt e B l astogene s is As s ay .  The up take of 
me thyl - 3 H- thymidine by peripheral b lood lymphocyt e s  ( P BL ) 
from anima l s  in Experimen t s  1 and 2 wa s us ed to a s s ay the 
b las togenic response of peripheral b lood lymphocyt e s  to 
BHV-4  membrane as s o c iated antigens on targ e t  ce l l s . 
E ffec tor Cel l s . Bloo d  was co l le c t e d  into 
hepariniz e d  syringe s , and lymphocytes  were s eparated on a 
F i co l l -Hyp aque gradient ( specific gravity 1 . 0 8 0 ) a s  
previous ly de s cribed ( 4 ) . The cel lular b and was 
harve s t ed and washed three t ime s with a b a l anced s a l t  
s o lut ion ( BS S ) prepared according t o  the manufac turer's 
recommendat i on ( Pharmacia Fine Chemica l s , P i s cataway , 
NJ ) . The B S S  cons i s ted of 0 . 0 1 % D - g luco s e , 5 . 0  x 10 -
6
M 
- 5  
. . 
- 4  CaC 12 , 9 . 8  x 10  M MgC 1 2 , 5 . 4  x 1 0  M KC l ,  0 . 014 5 M Tr is 
and 0 . 1 26 M NaC l sup p lemented with 1% ( v/v ) heat 
ina c t ivat�d FB S and 100 ug/ml o f  gentocin . The washed 
lympho cyt e s  were then diluted to a concentra tion of 1 . 5  x 
1 0 6 viab le ce l l s / ml in RPMI 1 6 4 0  ( Ro swe l l  Park Memoria l  
Ins t i tute Medium)  supp lemented wi th 1 0 0  ug /ml 
s trep tomyc in , 2 mM L - g lutamine and 15 % ( v/v ) heat 
.inactivated FBS . Lympho cytes  at thi s concentration were 
us ed in a l l  b las togene sis a s s ays in.this s tudy excep t for 
procedure s  i� Experiment 1 used to de termine the maximum 
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effec tor to  t arget ce l l  rat io ( s ee Exper imental  Des ign , 
Experimen t 1 ) . Pur ity of the lymphocyt e  preparat ion was 
det ermine d by differential ce l l  count s ,  whi ch revealed 
tha t 90 to  1 0 0 %  o f  the cells  present were mononuc lear . 
C e l l  viab i l i ty wa s �90 % as demons trated by trypan b lue 
dye exc lus ion . · 
Target C e l l s . Mono layer s o f  Vero c e l l s  were 
s eeded in 96 -we l l  flat bo ttomed micro ti ter p lates . After 
2 days , growth me dium was remove d from the Vero c e l l s  
and
.
the mono layer s  i n  alternate rows o f  the micro titer 
p late wer e  ino culated with SO ul o f  BHV- 4 a t  an MOI of 
S O . Ce l l  contro l s  were ino culated wi th an equal vo lume 
o f  ma intenance media in p lace of virus . The virus  
inocu lum wa s left  on the cells  for  one hour and 100  ul o f  
maint enance me dia was added t o  each we l l  o f  the 
micro t i t er p late . After 24 hours of incub a t ion at 3 7  C ,  
the medium was de canted and 20 0 ul o f  a 0 . 2 S %  
glutaraldehyde s o lut ion in pho sphate -buffered s a l ine 
_ ( PBS ) ( pH 7 . 4 )  was added to each we l l  to fix the 
ino culate d and contro l ce l l s . The reaidua l f ixat ive wa s 
removed after 3 0  s e conds
. by washing the p l ates  five t ime s 
with s erum free EMEM . The fixed mono layers o f  infec t e d  
and non- infec t e d  Vero cel l s  were then u s e d  as  BHV-4  
targe t ce l l s  for  the b las togene s i s  a s s ay . 
Lympho cyte · B l a s t ogene s is As s ay Condit ions . The · 
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P BL s amp le s  from BHV- 4 ino culated and uninoculate d 
anima l s  in Experimen t s  1 and 2 ( s ee Exper imen tal De s ign) 
were added t o  micro t i ter we l l s  o f  the fixed t arget ce l l s  
in 2 0 0  u l  vo lume s containing 3 x 10 5 PBL . Thi s  c e l l  
concentrat ion re sulted in an e ffector to  target c e l l  
rat io o f  1 0 : 1 ,  a ratio de t ermined to be op t imal in 
Experiment 1 .  The target and effector c e l l s  were then 
incubated for 6 day s at 3 7_ C .  After 6 day s , 5 0  u l  of 
RPM! containing 1 uC i of methy l - 3H- thymidine ( spe c i fic 
a c t ivi ty 10 C i / mH) ( ICN Pharmaceut icals , Inc . , Irvine , 
CA) was added to each we l l  and the p lates  were incubated 
for an addit iona l 18 hour s . The cul ture s were then 
coo led to 4 C and the PBL were harve s t ed with a ce l l  
harve s ter .(MASH I I , Microb io logical As s o c i at e s , Bethe s da , 
MD) . The nuc leic  acid o f  the PBL was co l l e c t e d  on g la s s  
f iber f i l ter p aper ( Grade 9 3 4  AH , M .  A .  B ioproduc t s , 
Walke rsvi l l e , MD). The f i l ter papers were was he d  ten 
t ime s with d i s t i l l e d  wat er and dried for two hour s at  8 0  
C or overn i te a t  room temperature . . The_ quanti .ty o f  . 
3H - thymidine incorporated into the nu�leic  a c i d  o f  the 
PBL was determined by plac ing the fil ters in individual 
s c int i l lat ion via l s  containing 5 ml o f  s c int i l l a t i on 
fluor [ 0 .  0 8  g p·-b i s  0-me thyls tyry l -benz ene and 3 .  92 g of 
PPO ( 2 , 5 dipheny l - oxaz ole) per l i t er o f  to luene] . The 
· quantity o f  3H in each s amp le was de termined by coun t ing 
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for ten minut e s  on a l iquid s c int i l lat ion counter 
(Beckman LS l O O , Beckman Ins trumen t s , Inc . Irvine , CA ) . 
The mean coun t s  per minute ( CPM ) of four rep l icate well s 
o f  b o th virus ino culated and uninoculated control ce l l s  
were us e d  t o  calculate a s t imulat ion index ( S I = average 
�PM on virus inoculated c e l l s / average CPM on uninoculated 
ce l ls ) . The magn itude (net  CPM) o f  the blas togenic 
respon s e  of the te s t  animals was calculated by the 
fo l l owing equat ion : Net CPM = me an CPM on virus 
inoculated ce lls - mean CPM on unino culated culture s .  
S t imulat i on indices and di fference s  were ana lyze d by 
ana ly s i s  o f  varianc e and the Wal l er -Duncan K Rat i o  T Test 
at the 0 . 05 s ignificance leve l . 
To t a l  and Di fferent ial Whi t e  B l ood Ce ll Count s . · 
To tal WBC coun t s  were done ut i l iz ing an e l e c tron ic  ce l l  
counter (Coul ter Mo de l MHR , Coulter Elec tron i c s  Inc . , 
Hialeah , Florida ) . Differential whi te b lood ce l l  counts 
were done on Wright ' s  s tained b lood smears . S ta t i s t ica l  
analys i s wa s done us ing analys is  o f  variance at the 0 � 0 5 
s ignificance leve l . 
Indire ct Itmnuno fluore scence Ant ib o dy Te s t  for 
Serum and Na sal  Ant ibodies to BHV- 4 .  
Nas al s e cret ions were co llec ted from ca lve s in 
Experiment 2 as previous ly de scrib�d -( 3 1 ) , exc ept that  
tampon s remained in the nas al cavi ty for one . hour .  
2 2  . 
S amp le s  were ob tained from a l ternate nas a l  cavit i e s. in 
order to prevent irri tat ion of nas al membrane s due to 
rep e ated s amp l ing s . Tampons were p l aced in s terile  5 0  ml 
d i sp o s ab le syringes and the flui d wa s expre s s e d  by 
tors ion . The nas a l  fluid was then c lar ified  by 
centri fuga t ion at 2 0 0 0  x g for 30 minut e s . 
Ant i - BHV- 4  virus antibody pre s ent in the s erum 
and nas a l  s e cret ions was qetermined by an indire c t  
immunof luores cence te s t  des cribed b y  Po t g i e t er e t  a l  
( 4 8) � Viral ant igen - prep arat ions us ed in thi s t e s t  were 
BHV- 4 ino culated BEL cel l s . The BEL ce l l s  were s eeded in 
15 0 cm2 p las t i c  flasks and were inoculated wi th 1 ml o f . 
BHV- 4 . C e l l s  were incubated unt i l  CPE were ob s erved in 
. 25  to 5 0 %  o f  the c e l l s  in the mono layer . The infected 
c e l l s  were then tryp s inized , washe d wi th PBS and mixed 
with an equa l numb er of uninocul ated BEL c e l l s  to ob tain 
a dens i ty o f  1 x 1 0 6 ce l l s /ml . The c e l l  suspen s i on ( 1 0 
ul) was then p l aced in we l l s · o f  teflon coated mi cros cope 
s l i de s  ( Ce l l  Line As s o c iates Inc . , Newf i e l d , NJ) and a ir 
dried . C e l l s  were f ixed in . acetone f9r ten minute s and 
froz en at - 7 0  C .  Prior to use , s l ides were thawed and 
the c e l l s  were rehydrated in PBS for ten minutes  at room 
temperature . Serum s amp l es from calve s in Experiment 2 
were heat inac t ivated at 5 6  C for 3 0  minut e s . Nas a l  
s ecre t ions and s erum samp l es were s eria l ly d i luted i n  PBS 
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in two - fold increment s  s tart ing at a 1 : 8  and a 1 : 10 
dilut ion , resp e c t ively . Aliquo t s  ( 10 ul) o f  each 
dilut ion were placed on s eparate wells of the te s t  slide . 
A 1 : 1 5 dilut ion o f  fluore s c ein i s o thio cyanat e  ( FITC ) 
conj ugat e d  rabb i t - anti -bovine whole s erum or a 1 : 3 0 
dilut ion o f  FITC l abe l l ed rabb i t  ant i -bovine - IgG ( Cappel 
Laboratories , C ochranville , PA) was us e d  to  counters tain 
s l i de s  for nas al s e cret ion_ and s erum ant ib o dy cont ent , 
respec t ively . Slides were examined for fluo re s c ence 
us ing an ep i - fluore s cent inverted mic�o s cope ( Z e is s , 
Inver t o s cope D ,  Wes t  Germany) . Ant i - BVH - 4  t it er s  in 
serum were expre s s ed as the geometric mean for each 
experimental group and repre sent the rec iprocal of the 
highes t  dilution o f  serum showing fluor e s cence . 
EXPERIMENTAL DES IGN 
Exper iment 1 .  The purp o s e  of Experiment 1 was to 
det ermine the op t imal parame ters us ed in the lympho cyte 
b l as t ogene s i s  as s ay .  P�rame ters eva l�ated were : 1) the 
viral input MOI ne c e s s ary to result in 1 0 0 %  of the targe t 
cells s howing membrane fluorescence to BHV- 4 , 2 )  e ffector 
to target cell rat io , and 3) the incubat ion t ime 
nece s sary for s ens i.t iz e d  PBL to .undergo bla s togene s i s  as 
a re sult of t arge t cell s t imulat ion . The extent o f  the 
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gene t i c  re s tr ic t ion o f  the b las togenic re spon s e  wa s a l s o  
eva luated us ing BSF - 13 , BEL , and Vero ce l l s  ( s e e  s e c t ion 
on ce l l  cul tures) . 
Three types  o f  targe t ce l l s , BEL , B S F - 13 , and 
Vero , were s eeded in four chamber s l ide s  ( Lab - Tek 
Produc t s , Napervi l le ' IL ) at a concentration o f  1 X 'l o S 
ce l l s / chamber . Growth me dium was removed after 4 8  hour s 
and dup l icate s l ide s  were ino culated wi th BHV- 4 a t  an MOI 
o f  1 0 , 2S  and S O  for BEL and BSF - 1 3  c e l l s  and 2 S , S O  and 
1 0 0  for Vero c e l l s . After 6 0  minutes _ads orp t i on a t  3 7  C ,  
ma intenance me dium was added and the cul tures  were 
incub a ted for an addit iona l 2 4  hours . After this t ime , 
ce l l s  were fixed for one hour at 4 C in 3 . 7 % pho sphat e 
buffered forma l dehyde as previous ly de s cr ibed (8) . The 
forma ldehyde s o lut ion was prepared from paraforma l dehyde 
( F i sher S c ient if ic. , Fa ir Lawn , NJ) as previous ly 
de s cr ibed ( 2 0) . Indirec t  immuno fluores cent s t a in ing of 
BHV-4  memb rane ant igens on each o f  the three c e l l  types 
was done as  de s cribed by D·eppert ( 8) , us i.ng the · ab s orb ed 
rabb i t - ant i - BHV- 4 serum and a 1 : 2 S di lut ion of 
. FITC- conj ugated goat ant i � rabb it IgG (Mi l e s  Laboratories , 
E lkhart , I N ) . Immuno fluorescence was ob serve d . on an 
ep i - f luore s cent inverted mi cros cope ( Z eis s Inverto s cope 
D , \ve s t  Germany) . The percen tage o� ce l l s  showing 
membrane fluores cence was de termined by count ing the 
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number o f  fluore s cent po s i t ive and negat ive ce l l s  in 10  
low power ( 25X ) fields . The spec ificity of the membrane 
fluore s c ence for BHV-4  ant igens was de termined by 
indire c t  immunofluores cence s taining of e i ther 
non - infe c ted cel l s  with ant i - BHV- 4  s erum or BHV - 4  
infec ted c e l l s  s ta ined wi th ant i - BHV- 1 ant ibodies  
( Nat iona l Ve terinary Services  Laboratory , Ame s , IA) . 
Informa t ion derived from the s e  exper iment s  was then use.d 
to  de termine the input MOI at whi ch to ino cula t e  target 
c e l l s  in the lymphocyte  b l as togene s i s _ as s ay .  
The e f fe c t  o f  input MOI on the b las togenic 
resp on s e  was then de termined us ing per ipher a l  b lood 
lymphocyte s from a cow ( # 13) seropo s it ive to  BVH - 4 . The 
3 types  of. t arge t ce l l s  were infec ted wi th BHV - 4  at the 
viral input MOI ' s  used in the BHV-4  surface ant i gen 
expre s s ion as s ay and fixed wi th g lutaral dehyde as  
de s cribed ( 1 0) ( s ee s ec t ion on Targe t Cel l s) . Peripheral 
b lood lymphocyt e s  were then incubated with each c e l l  type 
for f ive day s , pul s e d  and harve s ted fo� l iqui d  
s c in t i l l a t ion coun t ing a s  de s cr ibed ( s ee b l as to gene s i s  
as s ay condit ions) . . Two such experiments  were conduc ted . 
Per ipheral b lood Lympho cy tes from cow 1 3  were 
a l s o  us ed to e s tab l ish the op t ima l t e s t condit ions 
nec es s ary for measuring · the lympho
_
cy te b l as t ogen i c  
respons e s  to BHV-4  surface ant igens . The effec tor to  
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target ce l l  rat io for each 9 f  the three c e l l  typ e s  was 
the fir s t  parame ter eva luated . Each o f  3 2  we l l s  o f  a 9 6  
we l l  flat b o t t omed mi cro t i ter p late were s eede d wi th 2 - 3  
x 10 4 BEL , BSF- 13 , o r  Vero ce l l s . Forty - e ight hours 
later , mono l ayers o f  the three c e l l  typ e s  in a l t ernate  
rows were ino culated with the s tock BHV- 4 virus poo l at  
an input MO I o f  5 0 , 50  and 1 0 0  for  the BEL , B SF - 1 3 and 
Vero ce l l s , re spec t ive ly .  � Unin�culated contro l �e l l s  in 
s eparate we l l s  o f  the same p late received equa l amount s  
o f  maintenance me dia . Virus was a l l owe d to ads orb to the 
ce l l s  for one hour at 3 7  C in a humidified atmo sphere o f  
5 %  co 2 . Addit ional maintenance me dium was then adde d to 
br ing the vo lume in each of the we l l s  to 2 0 0  ul . P l ates 
were then incubated for 2 4  hour s at 3 7 ° C  and f ixed wi th 
g lutara ldehyde as de s cribed ( s ee s e c t ion on target 
ce l l s ) . Lympho cyt e s  from cow 13 were ob t a ine d as  
de s c ribed in  the s e c t ion on Effec tor Ce l l s and 
re sus pende d in RPMI 1 6 4 0  at  a concentra tion o f  15 x 10 6 
ce l l s /ml . Further di lut ions of this sus pens ion were ma d� 
. 
6 to ob tain concentrat ions of 1 . 5  to  7 . 5  x 1 0  P BL/ml . 
Addit ion o f 2 0 0 ul of the s e  PBL suspens ions to the target 
ce l l s  re sul ted in e ffec tor to targe t c e l l  rat i o s  o f  10 : 1 ,  
2 0 : 1 , 3 0 : 1 ,  and 5 0 : 1 . The effe ctor an d targe t c e i l s  were 
then incubated for . five days , pul s e d  wi th 
3
H- thymi dine 
and harve s t e d  for l iquid s c int i l l ation coun t ing as  
2 7 
de s crib e d  for the b las togene s is as s ay .  Thes e  experiments  
were rep eated 5 t ime s . 
The k ine t i c s  o f  the up take o f  3H- thymid ine by 
e ffec tor ce l l s  was a l s o  de termined .  Peripheral b lood 
lympho cyt e s  from cow 13 were us ed at an e ffe c t or to 
target ce l l  rat io of 1 0 : 1  and were incubated wi th the 3 
typ e s  of targe t ce l l s  for various t imes rang ing from 0 to 
7 day s . Cul ture s were pul s e d  and harve s t e d  as  de s cribed 
in the b las togene s i s as s ay sect ion . The s e  experiment s 
were done in quadrup l i cate . 
The t ime cour s e  of  the b las togenic re spon s e  to 
BHV- 4 fo l lowing inoculat ion of  adult cat t l e wa s 
de termine d by us ing lympho cytes  from two BHV- 4 
s eronegat ive cows ( No .  4 ,  16 ) .  The s eronegat ive cows 
were inoculated wi th 5 ml of the BHV- 4 virus poo l 
intrana s a l ly ( IN ) · and 2 . 5  ml intratrachea l ly ( IT ) . The 
BHV- 4 s eropo s i t ive cow ( No .  13 ) re ceived 1 ml o f  the 
s tock virus pool IN and 1 ml IT and served as the 
po s it ive contro l . An atomizer ( Rals  Laboratories , 
Northfie l d , OH ) was us ed  for IN ino culat ions . 
Intratracheal ino culat ions were done by ne�dle punc ture 
between tracheal rings . Per ipheral b l ood lymphocyte s  
were c o l l e c t ed on day s 0 ,  2 ,  4 ,  7 ,  10 , 1 4 , 18 , 2 3 , 3 0  and 
3 5  fo l lowing pr imary ino culation for· use in the 
b l as togene s i s  a s s ay .  An effector to targ et  ce l l  ratio of  
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10 : 1  was u s e d  in the s e  as s ays and PBL were exp o s ed to · 
targe t ce l l s  for s ix day s . Vero ce l l s  ino cul at e d  at an 
MOI o f  5 0  and f ixed as previous ly de s cribed s erved as the 
target ce l l s . Incorporat ion o f  me thy l - 3H - thymidine was 
de termined as  de s cribed for the b l as togene s i s  a s s ay .  
Cows wer·e chal lenged a s e cond time via 
ino cul at ion o f  1 ml IN and 1 ml IT o f  the BHV- 4 virus 
poo l . Cow 13 re ceived 1 ml of the s to ck viru s  IN and 
2 ml intramus cularly ( IM ) . Peripheral b lood lympho cytes 
were co l l e c ted on days 0 ,  2 ,  4 ,  7 ,  10 � 14 , 1 7  and 21  day s 
po s t  s e condary BHV- 4 expo sure . The tes t cond i t ions 
emp loyed were s imi lar to tho s e  de s cribed for moni toring · 
the pr imary b l as togeni c  respons e .  
Exper iment 2 .  The purpo s e  o f  Exper imen t 2 was to 
monitor the l eve l o f  b las togene s i s  o f  nons ens i t i z e d  and 
BHV- 4 s ens i t i z e d  PBL ob taine d from ca lve s at di fferent 
t ime s after ino culat ion wi th BHV- 4 .  The deve l opment and 
relat ion ship b e tween the sys temic b l as togenic , sys temic 
humora l , and local  antibody re sponse s to BHV- 4 · wa s a l s o  
evaluated . The e igh� calve s ( No .  5 1 - 5 8 ) were s eparated 
in to three group s : group 1 ( No .  5 1 , 5 2 , and 5 3 ) received 
2 ml o f  the BHV- 4 virus poo l IM ; group 2 c a lve s ( No . 5 4 , 
5 5 , and 5 6 ) received 1 ml of the virus suspens ion IN  and 
1 ml IT , and group 3 calve s ( No .· �7 and 5 8 ) s�rve d as 
uninoculated contro l s . Calve s in each group were 
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ino culated on days 0 and 2 1  o f  the t e s t period . Calves 
in group 1 ( No .  5 1 , 5 2 , and 5 3 ) also  rece ive d 1 ml IN and 
1 ml IT o f  the BHV - 4  virus suspens ion 4 2  day s after 
primary ino culat ion . The fo l lowing s amp l e s  were ob taine d 
· from calve s in a l l  3 group s on 0 ,  2 ,  4 ,  7 ,  1 0 , 14  and 18 
days po s t  primary and s econdary exposure : 1 )  na s a l  swab s 
for virus i s o la t i6n , 2 )  PBL for b l as togene s i s as s ay ,  
3 )  who le  b lo o d  for total �nd different ial UBC coun t s , 4 )  
s erum , and 5 )  na s a l  secret ions for de t e c t i on o f  humoral 
and local  ant ib o dy to BHV- 4 by !FA .  Re sp irat ion rat e s  
were a l s o  de termine d o n  the s e  s ame days . Re c ta l  
temperature s were det ermined at 1 - 7 , 10 , 14 , 1 7  and 2 1  
days after each ino cula t ion . Re ctal  t empera ture s ,  and 
swab s for .virus i s o lat ion were ob ta'ined for the f irs t 7 
day s and a l s o  on days 10 and 14 fo llowing IN , IT 
chal lenge of group 1 anima l s  on day 4 2 . Nas a l  s ec re t ions 
and s e rum were c o l lected from calve s of group 1 on days 
0 ,  2 ,  4 ,  7 ,  10 , and 14 days po s t  IN , IT exp o s ure fo r 
as say o f  lo cal and humora l ant i -BHV-4 ant ib o dy , 
resp e c t ive ly . 
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RESULTS 
Experiment 1 .  Increa s ing the input MO I a t  which 
the three typ e s  of  t arget ce l l s  were ino culated , re sulted 
in a higher percentage o f  c e l l s  expre s s ing BHV - 4  membrane 
ant igens · ( Tab le  1 ) . The BSF- 13 and BEL ce l l s  were 
comp le te ly de s troyed when inoculated with BHV- 4 virus at 
an MO I o f  1 0 0 , but Vero ce l l s  rema ined int a c t  with no 
cy topathic effec t s . The increase in the percen tage o f  
targe t ce l l s  expres s ing viral antigens o n  the ir surface 
corre lated wi th an increase in the up take of 3H - thymi dine 
by s ens i t i z e d  lympho cyte � ( Tab le  1 )  except on BEL ce l l s  
where increas e s  in the number of  target c e l l s  expre s s ing 
viral surface ant igens did not influence the b las togenic 
re spons e .  
Blas togenic respons e s  of  PBL from cow 1 3  were 
maximum for Vero and BSF - 1 3  target ce l l s  at  an e ffec tor 
to targe t c e l l  ra tio of 1 0 : 1 . The b l as togeni c response 
wa s quant i t a t ive ly but no t s ignificant ly high�r fo r the 
e ffector to t arget  rat io of 3 0 : 1  wi th BEL ce l l s  compared 
to a 10 : 1  ratio . Effector to target ce l l  rat io s greater 
than 10  to 1 s ignifi cant ly ( P � O . O S )  suppres s e d  
b l as togene s i s when Vero but no t BEL or BSF - 1 3 ce l l s  were 
us ed as targe t s . S t imulat ion indice s for BEL c e l l s  were 
s ign ifican t ly ( P � O . O l )  higher than tho se ob t a ined wi th 
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Tab l e  1 .  Effe c t  o f  Vary ing Mul t ip l i c i t i e s  o f  Infe c t ion (MOI ) on B l a s togen i c  
Re sponse and Surface Ant igen Expre s s ion 
BSF- 13 VERO BEL 





% ! FA CPM
3 MOl POS* S I  X 1 0  POS* S I  X 10 POS* S I  X 10 
10 30 
a a 
10 ND ND . 5 0  14 . 6±2 . l
a 
16 . 0 a 5 . 0±0 . 8b 3 . 7 b 
2 5  6 0  . 1 0 . 3±1. 9b 8 . 8b 6 0  10 . 4±2 . 2
a 12 s a  7 0  1 1 . 6±2 . 0: 12 . 7 8 
5 0  9 0  8 0  1 1 . 4 ± 1. 3� . a 9 5  . 1 2 . 6 a 1 3 . 4 ± 1. 3 11. 8 · 2 0 . 5b t 13 . 8± 2 . 0 
1 0 0  ND ND ND 9 5  2 7 . 6± 1 . 9 2 7 . 2 ND ND ND 
* % IFA Po s = Percent age of infe c t e d  ce l l s  expre s s ing sur fa c e  ant igens at 2 4  
hr s P I , as de termined by indire c t  f luore s cent ant ibo dy t e s t  ( !FA ) .  
Means with the s ame l e t ter are no t s ign i f ican t ly d ifferen t .  
t S ignifi can t ly d i fferent ( P s 0 . 0 5 ) from the MOl o f  5 0  o n  the BSF - 13 and BEL 
ce l l s .  
Ne t CPM . = Mean CPM on BHV-4 infe c t e d  ce l l s - mean CPH on uninfe c ted c e l l s .  
S I  and ne t CPM va lues repre s ent the me ans '± S . E.  
L.V 
N 
3 3  
Figure 1 .  S t imulat ion indices  _{ S I ) ob tained when 
per ipheral b l ood lymphocyte s  from a cow { No . 13 ) 
seropo s i t ive to  BHV- 4 were incubated wi th three d i f ferent 
kinds o f  targe t c e l l s  ( BS F - 1 3 , Vero , BEL ) expre s s ing 
BHV- 4 sur face ant i gens . The BSF- 1 3 , BEL , and Vero target 
ce l l s  were ino culated with BHV- 4 at an input HO I of 5 0 , 
5 0  and 1 0 0 , re spec t ive ly .  Each point repre s en t s  the mean 
S I  o f  5 rep l icate s . 
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BSF - 1 3 and Vero c e l l s  at a l l  o f  the effe c tor to t arge t 
ce l l  rat io s  t e s ted excep t the 1 0 : 1  ratio ( Fi gure 1 ) . 
S ince the b la s t ogenic re sponse was maximum for each type 
o f  target ce l l  at an effector to target c e l l  rat i o  o f  
1 0 : 1 , thi s  r a t i o  was u s e d  in an experiment t o  de t ermine 
the opt ima l incubat ion t ime for the b las togene s i s  as s ay .  
Vero target ce l l s  s t imulated a s ignifican t ly ( P � O . O l )  
higher incorp orat ion of · 3 H- thymidine by e ff e c tor ce l l s 
after 6 day s o f  incubat ion ( F igure 2 ) . The max imum 
up take o f  3H - thymidine by the effecto� ce l l s  o c curre d 
after 6 - 7 day s o f  incubat ion with Vero , BEL , or B SF - 1 3 
targe t ce l l s . The lympho cyt e b las togene s i s a s s ay in the 
remaining experiments  us e d  Vero ce l l s  ino culated wi th 
BHV-4  at an MOl o f  5 0  as target ce l l s ; an effector : 
t arge t rat io o f  1 0 : 1  and an incubat ion t ime o f  6 days 
s ince the s e  condit ions were determined to  be  op t ima l .. 
Lymphocytes ob tained and i s o lated from b lood o f  
cows 4 and 1 3  had higher ( P � O . O S )  s t imulat ion indices  at 
two days po s t  ino culation ( P I )  compared wi th contro l 
s amp le s  taken be fore ino culat ion wi th. BHV - 4  ( Tab le 2 ) . 
C ow 13  a l s o  _had s ignifi cant ly higher ( P � 0 . 0 5 )  b l as togenic 
respon s e s  on day s 23 and 30 compared to the 
pre - ino culat ion s amp le ( Day Q · PI ) . \Vhen ne t CPMS ( D iff ) 
were eva lua t e d , PBL co l lec ted from cow 13 gave 
s igni ficant ( P s 0 . 0 5 )  b l as togenic respons e s  at 2 and 2 3  
3 5  
3 6  
F igure · 2 .  Net coun t s  per minute (CPM) ob tained at 
various t ime s aft er incubat ion of peripheral b l ood 
lymphocyte s  from a BHV- 4 s eropo s it ive cow ( No .  1 3 ) wi th 
three different kinds of target ce l l s  expres s ing BHV-4 
surface . ant igens. . BSF - 1 3 , BEL and Vero c e l l s  were 
inoculated wi th · BHV- 4 at an input MOI o f  5 0 , 50 and 100 , 
re spe c t ive ly .  An e ffec tor to target ce l l  ratio o f  10 : 1 
wa s us e d .  Each po int repre s ents the mean CPM o f  4 
rep l icat e s . 
3 7  






I -1 , L&J . , CD I 
I 
t X X X •  X * ·o () I 
I 
l ' I ' ' ' ' ' ' 
X * o x  II) ' ' ' ' 0 ' fJ) ' >- 0:: .. ' < L&J ' ' 0 > ' 
X.., x  
-
... )( I ' L&J )c ' ' .. � I .. ' .... * 
z 


















0 0 0 0 0 0 :z 
0 o · 0 0 0 w 
0 0 0 0 0 (.!) 
0 0 0 0 0 w 
II) ... ,.,., N -1 
n i t t- 0 0:: o a.. l: 
Tab le 2 .  Re sul t s  o f  Lymphocyte B l a s togene s i s As s ay Fo l lowing P r imary 
Ino cul a t ion of Anima l
_
s with Bovine Herp e sv i rus 4 
Day s Cow 4 C ow 16 C o\'1 13 
PI S I  N e t  CE!!! S I  Ne t CErn S I  Ne t cpm 
0 1T  0 . 7  - 5 8 7  1 . 0  7 8 . 8  5 9 9  
2 6 . 5 §  5 , 7 0 3  1 . 3  1 4 9  3 2  � 6. § 3 5 , 6 4 9 §  
4 2 . 9  6 1 . 2  1 8 4  2 . 3  6 6 9  
7 1 . 4  7 0 7  1 . 6  5 9 3 § 1 . 7  1 9 4  
1 0  1 . 3  1 5 9  0 . 7  - 1 1 3  1 . 2  6 1  
1 4  0 . 9  1 7 5 1 . 0  -. 9 6  2 . 2  4 3 1  
1 8  1 . 2  1 4  1 . 2  1 7  1 . 5  1 , 4 0 2  
2 3  ND ND ND ND · 2 4 . 9 § 6 5 , 9 1 8 §  
3 0  ND ND . ND ND 2 2 . 0 § , 1 0 , 6 7 1  
3 5  . 1 . 0  - 3  0 . 9  - 7 4  1 . 6  2 3 7  
ND = Not de termined . 
1r Primary virus ino cul a t ion . Coys 4 and 1 6  were inocula t e d  wi th 
5 ml of a s to ck BHV- 4 virus pool ( 1 0 · 5 TCID � 0 / ml ) intrana s a l l y  ( IN )  and 2 . 5  ml intratrache a 1 1y ( IT ) . Cow 1 3  re c e ivefi 1 m1 of the s to ck virus 
poo l IN and 1 ml IT . 
§ S ign ifi c an tly di fferent ( P � 0 . 0 5 )  than the ' pre inocu l a t i on value 
at day 0 .  Each �a lue repre s eti t s  the mean o f  4 rep l i ca t e s  for e a ch t e s t  
an imal . 
w 
co 
day s PI . The b las togenic re spons e o f  lymphocyt e s  
co l le c t e d  from cow 1 6  was a l s o  s ignifican t ly ( P � O . O S )  
higher at 7 days PI . No s ignificant ne t cpm were 
ob taine d from cow 4 .  
S t imulat ion indices and ne t cpm ob t a ined from 
cows 4 ,  13 , and 16 fo l lowing s ecoridary ino culat ion wi th 
BHV- 4 virus are shown in Tab le 3 .  The b las togeni c  
re spons e s  ( S I or n e t  CPM ) _ fo l lowing s e condary exposure . of  
the cows to  BHV- 4 was de layed compared t o  the primary 
re spons e .  S igni f i cant ly higher ( P � O . QS )  S I  o r  ne t CPM 
were no t ob taine d unt i l  7 to 14  day s after s e con dary 
compared t o  2 day s P I  after primary exposure . The 
b las togen i c  response  o f  cow 13 pers i s t e d  at s igni f i cant 
l eve l s  ( P � O . O S )  for 2 weeks . 
Experiment 2 .  C l inical s igns o f  re sp iratory 
di s ea s e  were no t _ ob served in the inoculated ca lve s at any 
t ime during the exper iment . Rec tal temp eratures , 
re sp irat ion rat e s , and comp lete and differen t ia l  WBC 
coun t s  in the ino culated - calve s were s imi lar t o  va lues 
ob tained from unino cula ted contro l calve s (Appendix 
Tab le s  I ,  I I , and I I I ) . The BHV- 4 virus rep l i cated in 
the upper resp iratory trac t o f  calves ino cula t ed IN and 
IT , because sma l l  quant i t ie s  ·( 1 0
1 to 1 0 2 · 5 TC ID5 0 ;ml ) o f  
virus were i s o lated from the na s a l  pas s age s . The three 
calve s inoculated IN and IT she d virus  in the ir nas al 
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Tab le 3 .  Re sul t s  o f  Lympho cyt e  B l a s togene s i s As s ay Fo l lowing S ec ondary 
Ino culat ion of Cows 4 ,  13 , and 1 6  with _ Bovine Herp e svirus - 4  
Day s -----row 4 Cow 16 --cow 13 
P I  S I  . N e t  cpm S I  N e t  ·cpm S I  Net cpm 
O n  . 1 .  4 - 3 7 1  0 . 9  - 1 3 8  1 . 1  3 6  
2 1 . 7  1 2 , 4 7 1  1 . 0  - 1 6  1 . 3 . 4 9  
4 1 . 9  3 , 3 8 9  . 1 .  0 . - 1 9 1 5 . 3  9 , 6 5 7  
7 1 . 1  - 2 9 1  0 . 9  - 1 9 0  2 0 . 1 § 2 2 , 8 8 3 §  
10 0 . 9  - 1 1 8  0 . 7  - 3 4 7  5 7 . 5 § 1 6 3 , 4 1 4 § 
14 5 • . 4 § 9 0 6  1 . 9 § 5 2 3 § 8 . 5  1 1 , 2 9 2  
1 8  1 . 0  - 7 7  0 . 8  - 3 7 9  3 9 . 4 § 3 0 , 8 1 6 §  
2 1  ND ND ND ND 3 0 . 5 § . 4 5 , 1 9 1 § 
ND = No t de_t_ermiried . 
. n Cows 4 and 1 6  were c�a! lenge d with 1 ml IN ·and 1 ml IT o f  
s to ck BHV- 4 virus p o o l  ( 1 0 · TC ID5 0 t ml ) . Cow 1 3  r e c e ive d 1 ml s tock BHV� 4 virus poo � IN and 2 ml intramus cul arly ( IM ) . 
§ S ign i f i c an t ly d i fferent ( P � 0 . 0 5 )  from the va lue a t  day 0 .  
va lue repre s en t s  the mean of 4 rep l i c a t e s  for e a ch t e s t anima l . 
the 
o f  the 
E a ch 
� 
0 
s e cret ions up to  4 days P I . Two of the s e  c a lve s ( No .  5 5  
and 5 6 ) were s t i l l  shedding virus 7 days after s e condary 
exposure . C a lve s inoculated intramus cular ly d i d  no t shed 
virus unt i l  aero s o l  chal lenged 4 2  days after pr imary 
2 . ino culat ion . Low t iters of virus ( � 10  TCrn5 0 ; ml ) were 
recovere d  from the s e  calves 5 days after cha l l enge . 
The b las t o geni c  respons e ob tained wi th peripheral 
b lood lymphocyte s from calve s ino culated IM , or IN and . IT 
were no t s ignifican t ly ( P � 0 . 0 5 )  different from tho s e  of 
the uninfe c t ed contro l calve s (Appendix Tab l e  IV) . 
However ,  s timulat ion indices greater than 2 . 0  and net CPM 
greater than 3 . 4  x 1 0 3 were no ted 7 and 1 0  days after 
primary , and 2 and 18 day s ·after s e condary ino cul at ion of 
one IN and IT - ino cul ated calf  5 4  (App endix Tab les  V and 
VI ) . 
Humoral ant ib o dy to BHV - 4  wa s ini t ia l ly de tec ted 
by indire c t  innnuno f luores cence in 1 / 3  IN , IT- ino culated 
calve s at 1 0  days P I  and in 2 / 3  1M- ino culated c a lve s at 
1 4  days PI  ( Fig . 3 ) . Ant ibody to BHV- 4 virus · c oul d  be 
det e c ted in a l l  IN , IT and 1M- ino culated c a lve s at  14 and 
18 days P I , respe c t ive ly . Both th� IN , IT . and 
IM- ino culated · calve s responde d wi th increas ed ant i - BHV-4 
ant ibody produc t ion at 2 and 5 days after cha l l enge 
expo sure at 2 1  days . 
The highes t  geometric mean t i ters o f  humoral 
4 1 . 
42 
F igure 3 .  Mean indire c t  immuno f luore s cence ant i - BHV- 4 
virus ant ibody t i ters o f  IM and IN , IT inoculated c a lves 
fo l lowing ino cul at ion o f  BHV- 4 at 0 and 2 1  days . The IM 
inoculated c a lve s were sub s equen t ly cha l lenge d  IN , IT a t  
4 2  day s . 
l 5 
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ant ib o dy ob tained 2 1  days po s t  exposure for the IN and IT 
or 1M- ino culated calve s were 1 : 6 4 0  and 1 : 3 2 0 , 
respe c t ively . However , ant ibo dy t i ters o f  1 : 1 2 8 0  were 
ob taine d for one IN , IT - inocul ated c a l f  ( No . 5 4 ) .  The 
ant ibody t iters pers i s ted un t i l  3 5  day s P I  for the IN and 
IT- ino culated calve s , wherea s ant ibo dy t i ters fo r the 
TIM- ino culated anima ls  began to de c l ine at 7 day s po s t  
s econ dary inocula tion . The humoral ant ib o dy l eve l s  of . 
calve s in the 1M- inoculated group increa s ed two - fo l d  
fo l lowing the aero s o l  cha l l enge given _ on day 4 2 . C ontro l 
animal s had no de tectab l e  humoral ant ibo dy . 
Ant i - BVH - 4  virus ant ib o dies  were de t e c t e d  by 
indirec t  immunof luores cence in the na s a l  s e cret i on o f  
calves only after IN , I T  ino culat ion ( Tab l e 4 ) . 
Ant ib o di e s  to  BHV - 4  were firs t de tec ted in the nas a l  
s ecret ions o f  the IN , I T  inoculated calve s at  1 0  days 
after ino cul at ion . Antibody leve l s  rema ined low 
fo l lowing pr imary inoculat ion reaching a geome tri c me an 
t iter o f  1 : 16 at 2 1  days - p o s t  inoculation .  S e condary 
inoculat ion o f  the IN , IT inoculated calve s a t  day 2 1  
re sul t e d  in a four - fo l d . increase  in the ant ib o dy t i t er at 
1 0  to  14  day s po s t  cha l lenge expo sure . Ant ib o dy to  BHV-4 
.was no t de tected in the nas al s e cret ions o f  the 
1M- ino culated calve s unti l 7 day s pos t IN , IT . cha l l enge 
of the s e  calve s on day 4 2 . BHV-4 specific an t ibody wa s 
4 4  
no t de t e c ted in the nas a l  s e cret ions o f  the uninoculated 
contro l c a lve s at any t ime during the exp e r iment . 
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Tab l e  4 .  Demons trat ion of Ant i -BHV- 4 Ant ib o dy in Nasal 
Se cre t ions o f  Calves by Indire c t  
Immuno fluore scence 
Days 
Po s t  




1 4  
1 8  
2 1* 
2 3  
2 5  
2 8  
' 3 1  
3 5  
3 9  
4 2* 
4 4  
4 6  
4 9  
5 2  
5 6  
Intramus cularly 
inocul ated calves 





1 6  
1 6  
16  
1 6  
16  
Intranas al , in tra tracheal 
inoculated ca lve s 






1 6  
3 2  
3 2  







8 ** 8 
1 6  16 
16 16 
3 2  8 
3 2  a. 
6 4  8 
6 4  1 6  
1 2 8  1 6  
6 4  3 2  







*Virus ino culated into calves at 0 and 21 days by 
route de s ignated in tab le headings . The I�1- inoculated 
ca lve s were chal lenged intranasally and intratrache a l ly 
on day 4 2 . 
· 
** Indire c t  immuno fluorecent ant ibody t i ters are 
expre s s e d  as the rec iprocal of the highe s t  di lut ion o f  
na s a l  s e cret ions at  which fluore s cenc e was s t i l l  
de tected . 
4 6 . 
DISCUS S ION 
A sy s t emic CMI re sponse  to BHV-4  memb rane 
ant igens was demons trated in adult cows in Experiment 1 ,  
but not in the 2 -month-o ld calve s in Experiment 2 .  The 
calve s did deve lop a sys temic ant ibo dy respon s e  t o  BHV- 4 
at  1 0  to  1 4  days after primary ino culat ion with four - fo l d  
increas e s  in �nt ibody t i t�r oc curring 2 t o  7 day s after 
s econdary inocul at ion . The sys temic ant ibody re spon s e  to 
BHV- 4 was s imi lar in magnitude regard�e s s  of the route of 
ino culat ion , but per s i s ted longer in the IN , 
IT- ino culated c a lve s . A local innnune re s p on s e was found 
only in the IN , IT- inoculated calve s . 
The b las togenic response  ob s erve d in the cows 
appeared early after infec t ion (wi thin 2 day s ) and is 
s imi la-r to resul t s  ob tained with lymphocyte  
trans format ion as s ay s  us ing UV-inac t ivat e d  BHV- 1 and 
BHV - 4  virus preparat ions ( 7 ,  2 4 , 2 6 , 5 2 ) . The 
s ignifican t  CMI re sponse - to membrane ant igens . of BHV-4  
ob serve d in  the cows and no t the calve s  may b e  re lated to 
ei ther the higher do s e  of virus used to ino cu late the 
cows ( 4X higher than the do s e  given the c a lve s ) ,  the 
po s s ib il i ty that BHV- 4 may be more pathogenic for adul t 
cows than for young calve s , or _the me thod emp loyed to 
s tat i s t ica l ly ana lyz e the da t& . 
4 7  
Numerous experiment s  have demons trat e d  change s  in 
immuno logic  p arameters which cou l d  be a t t r ibut ed t o  the 
amount of virus g iven . Increas ing the amount o f  BHV- 1 
virus adminis tered has caus ed increas e s  in : 1 )  local and 
s erum ant ib o dy responses  ( 2 2 ) , and 2 )  ant ib o dy dep endent 
ce l l  mediated cyto toxicity ( 2 2 ) . Chemo taxi s  o f  
po lymorphonucl ear whi te b l ood ce l l s  ( P�ffis ) on the o ther 
hand , wa s depre s s e d  fo l lowing ino culat ion of c a lve s with 
high and medium intranas a l  and high intramus cul ar do s e s  
o f  BHV- 1 ( 3 8 ) . Infe c t ion o f  macrophage s wi th BHV- 1 and 
P I 3 in vit�o has a l s o  resulted in reduc t ion s in 
Fc -mediated re cep tor act ivity , phagocyt o s i s , 
phago s ome - ly s o s ome fus ion , and ADCC which cou l d  b e  
as s o c iated wi th viral rep l icat ion ( 1 1 ,  1 9 ) . Such 
ob s ervat i ons sugge s t  that the inoculum s iz e  may be an 
importan t  variab le in ho s t -virus interact ions and may 
exp l ain in part why the cows in Experiment 1 showe d 
s ignificant b l as togenic re spons e s  fo l l owing ino culat ion 
wi th 4X as much BHV- 4 virus as was given to the ca lve s in 
Exp eriment 2 .  Local and serum ant ibody t iters  were not 
determine d for the cows in Experiment 1 ,  so the effect of 
increas e d  quant i t ie s  o f  virus on the s e  p arame t ers could 
. not b e  de termine d .  
Al ternat ive ly , BHV- 4 may be ·more pathogenic for 
adult  anima l s . Bovine herpesvirus type 4 has b een 
. 4 8 . 
i s o lated from adult  cows with me tri t i s ( 4 3 ) , 
lympho s arcoma ( 6 5 ) , mammary pus tular derma t i t is ( 5 0 ) , and 
abort ions ( Dr .  M .  L .  Vickers , pers onal communicat ion ) .  
BHV - 4  virus has a l s o  b een iso lated from peripheral b lood 
leukocyt e s  after exp erimental ino culat ion of adu l t  cows 
wi th a s t rain of BHV- 4  i s o lated from cows wi th mammary 
pus tular derma t i t i s  ( 4 0 ) . C l inical s igns were no t 
ob s erved in young calve s ( 3  days to 6 months ) fo l l owing 
intravenous ino culat ion with the BHV- 4 virus iso lated 
from cat t l e  wi th lympho s arcoma ( 65 ) . Re sp �ratory di s ea s e  
with BHV - 4  h a s  b een produc ed in 2 to 4 -conth- o ld c a lve s 
by Mohanty and Smith ( 3 2 , 3 3 , 6 0 ) .  The resul t s  o f  our . 
$ tudy in whi ch on ly" the adul t cows deve loped a CMI 
re spons e s ugge s t s that BHV- 4 may rep l icate to higher 
t i ters  in adult  cows as opp o s e d  to calve s . However , 
virus i s o lat ions were no t done on the adult  c ows and no 
direc t evidence to support the age sus cep t ib i l ity theory 
is  currently avai l ab le . 
Fina l ly , s t imulat ion indices and ne t CPM ob tained 
at different t ime s fo l l owing ino cul at ion of adu l t  catt le 
were compare d to the b l a.s togenic respons e s  s e en at day 0 
for the s ame adul t . anima l . . However , b l as togen i c  
re s pons e s  ob tained for the calve s i n  Exp eriment 2 were 
comp ared to the re sponses  ob tained for the contro l 
anima l s . There fore , day to day variat ion s in the 
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b las togen i c  re spon s e s  ob tained for different cows was no t 
cons idere d . Examinat ion o f  the b l as togeni c  re spons e s  
ob tained f o r  individua l calve s within a p ar t i cular t e s t  
group demons trates  the variab i l i ty in the r e s p on s e s  
ob taine d . There fore , comparison o f  the s t imulat ion 
indices  and net CPM ob tained for a p ar t i cular calf  over 
a perio d of t ime may show s ignificant re spons e s  on 
c ertain day s po s t  inoculat ion s ince s t imulat ion indices 
o f  6 . 0  were s een a t  10  to 14 days po s t · pr imary 
inocula t ion and 2 and 18 days po s t _ s e condary ino culat ion 
for calf  5 4 . Thus , i t  is  p o s s ib l e , but no t prob ab l e , 
that the s ignifi cance of the b las togenic  r e spon s e  
. ob served i n  the cows, i s  _ only a re sult o f  day to day 
variab i l i ty in the - b las togene s i s  as s ay .  
Use  o f  BHV-4  ino culated c e l l s  as  the ant igens in 
the lympho cyte  b las togene s i s as s ay has many advantage s .  
Appearan c e  o f  g lycopro tein ant igens in the p la sma 
membrane s o f  infec ted ce l l s  prior to the release  of 
5 0  
infe c t ious virus sugge s t-s that ho s t  lympho cyt e s  may . . . 
recogniz e the s e  g lycopro teins as fore ign b e fore b e ing 
s en s i t i z e d  to who le virus .  The as s ay sys t �m to  measure 
lymphocyte b las togene s i s  in this  s tudy was de s igned to 
. de tect  s t imulat ion re lated to viral glycopro t e ins on 
membrane ant igens rather than who le · virus . The 
· b las togenic re spon s e s  ob tained wi th thi s  as s ay sys tem 
were lower than thos e previous ly reported for as s ays 
us ing who le  virus ( 7 , 2 4 , 26 , 5 2 ) . S everal dif ferent 
s ubpopulations  o f  memory lymphocyte s  are de t e c t e d  in 
b las togene s i s  a s s ays us ing UV- inac t ivated who l e  virus , 
whereas lympho cyt e s  sens i t ized only to BHV- 4 infected  
c e l l  membrane ant igens were de tected in  our a s s ay sys te� .  
Z aia e t  a l , ( 6 6 )  a l s o  no ted lower ( 6 6 % ) b l as togenic 
respons e s  when HSV- 1 s en�i t iz ed sp l enic lymphocyt e s  were 
exp o s e d  to enve lope g lycoproteins compared to who le 
virus . However , other inve s t igators have no ted no 
differences  in the magnitude of lymphocyt e  b l as togene s i s 
with HSV - 1 or cytomegalovirus when e i ther who le virus or 
g lycopro t e ins  were us ed as  ant igens ( 5 , 5 9 ) .  
Vero c e l l s  were used as the target c e l l  in our 
b las togene s i s  a s s ay ,  because thi s  ce l l  l ine o ffered 
s evera l advantage s compared to BEL and B SF - 13 targe t 
ce l l s . · Unl ike the later c e l l  types which require bovine 
fe tus e s  for the periodic rep leni shment of c e l l  s tocks , 
Vero ce l l s  are a seria l ly propagated c e l l  l ine and are 
readi ly ava i l ab l e  and eas i ly maintained in the 
l aboratory . _ Inoculat iori of Vero ce l l s  a l s o  re su l ted in 
the highe s t  number of ce l l s  expre s s ing BHV- 4 _ ant igens on 
the c e l l  sur face without cytolytic  de s truc t ion , which was 
ob s erved with BEL and BSF - 1 3 ce l l s . . Vera ce l l s  
apparent ly releas e only sma l l  amount s  o f  BHV- 4 virus into . 
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the extrace l lular fluids , s ince the extrace l lular virus 
t iters ob tained with BHV- 4 infec ted BSF- 1 3  and BEL ce l l s  
are higher than that ob tained with Vero c e l l s  ( 6 3 ) . Us e 
o f  Vero ce l l s  in the b las togenes i s  a s s ay al s o  a l l eviated 
in vi tro s en s i t iz at ion o f  PBLs from the cows and calve s 
to  BEL cel lular ant igens pre s ent in the viral inoculum.  
The BEL c e l l s  were us ed to propagate  the BHV - 4  virus , 
b ecaus e the virus rep l icated to  higher t i ters in the s e  
ce l l s  a s  compare d to BSF- 13 and Vero ce l l s . There fore , 
Vero c e l l s  o ffered the greate s t  number o f  advantages over 
BEL and BSF- 13  t arget ce l l s  wi thout affe c t ing the 
s ens i t ivity of the b las togene s i s  as s ay .  
Gene t i c  re s trict ion of the lympho cyte 
b l as togene s i s  re sponse to BHV-4  membrane ant igens  was no t 
ob s erve d when PBL s  were cul t ivated wi th auto logous 
( BSF- 13 ) ; · homo logous ( BEL ) , and het ero logous ( Vero ) BHV - 4  
ino culated targe t c e l l s . Rous e and Bab iuk ( 5 3 )  have a l s o  
repor t e d  that  genet i c  incompat ib i l ity be tween bovine 
peripheral b lood lympho cytes  and viral infected targe t 
ce l l s  doe s  not res tr i c t  T - c e l l  mediated c�tox i c i ty . The 
bovine hi s to comp a t ib i l ity comp lex i s  apparent ly di f ferent 
than that of the human and rodent sys tems ( 9 , 6 7 ) , s ince 
gene t i c  comp a t ib il ity b e tween viral infec ted target ce l l s  
and cyto toxi c  T - lymphocyt es i s . nece-s s ary f o r  maximum 
recogn i t ion and de s truc t ion o f  the target  c e l l s  in the s e  
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lat ter sys tems . Al ternat ive ly , virus infe c t ion o f  c e l l s  
may des troy or al ter the expre s s ion o f  hi s to comp a t ib i l ity 
ant igens on the surface of the targ e t  c e l l s  in ours and 
o ther s y s tems ( 5 3 ) . 
An e ffec tor to target c e l l  rat io o f  1 0  to  1 was 
used , s ince further increas es in . the number o f  PBL s  
exp o s e d  to Vero t�rget c e l l s  s igni fican t ly depre s s ed the 
b las togenic respon s e . H�gh effe ctor to target ce l l  
rat i o s  have a l s o  been reported t o  reduc e the s ens i t ivity 
o f  microcyto tox i c i ty as s ay s  us ed to measure the 
re spons ivene s s  o f T - lymphocytes to rub e l la virus ( 6 2 ) . 
S t eele et  al  ( 6 2 ) sugge s te d  that the reduce d  cy to toxic . 
. r e spons e to  rub e l la virus was due to the inab i l i ty o f  the 
vo lume o f  me dia in the micro ti ter p lates  to sus t ain the 
me tab o l i sm o f  large numbers of lymphocy t e s .  Thi s  may 
a l s o  exp lain why the b las togenic re spon s e  to BHV - 4  was 
reduce d  at high effe c tor to target ce l l  rat io s . An 
incubat ion t ime o f  6 days was required for op t ima l 
recogn i t ion o f  BHV-4  ant igens by memory PBLs . and 
activat ion of previous ly uncommi tted PBL s by lymphokine s .  
S imi lar · incubat ion t ime s are require� for lympho cyte 
s t imulat ion by UV- inac t ivated bovine herpe svirus e s , type s 
1 ( 5 2 ) , and 4 ( 2 4 ) and cytomegalovirus ( 5 9 ) . 
Spread o f  herpe sviruses  from ce l l  to ce l l  by 
interce l lular br idge s a l lows the s e  virus e s. to e s c ape the 
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humoral immune sys t em unt i l  late in the infe c t ion 
pro c e s s .  Al s o , herpe svirus e s  can per s i s t  in the ho s t  
de s p i te the - pre s ence of  neutral iz ing ant ib o dy ( 3 9 ) . 
The s e  character i s t i c s  of  herpe svirus rep l ic a ti on reduce 
the s ignificance of humoral ant ibo dy in recovery from 
primary infe c t ions . Ins tead , humora l ant ib o dy may 
repre s en t  the firs t l ine o f  defen s e  in cas e s  o f  
react ivat ion o r  reinfect �on of herp e sviru s e s  ( 3 9 ) . The 
re sul t s  o f  the pre s ent s tudy wi th BHV-4 supports  thi s  
hypo the s i s s-ince humoral ant ibody to BHV- 4  was fir s t 
demons trated 10  to 14  days after primary ino culat ion wi th 
BHV-4  wi th maximum ant ib ody respons e oc curring after 
. s e condary inocul a t ion via the IN - and IT- or 1M- route . 
The s e  ob servat ions are s imi lar to tho s e  previous ly 
reported for BHV- 1 and BHV- 4 ( 7 , 14 , 2 4 , 2 6 , 3 0 , 5 2 , 5 3 , 
5 4 , 5 6 ) . 
In thi s  s tudy , ant i - BIIV-4  spec i f i c  ant ibodies 
were de t e c te d  in nas a l  s ecret ions 10  to 1 4  day s after 
aero s o l inoculat ion . Other inve s t igators have ob tained 
s imi lar re sul t s  fo l lowing aero s o l  ino culat ion of calve s 
with e i ther l ive or attenuated BHV- 1 ( 14 ,  2 6 , 3 0 ) and 
P r3 ( 12 ,  2 9 ) . Even though no attemp t was made to 
det ermine the c las s o f  ant i - BHV- 4  ant ibody produced in 
the nas al cavit i e s , produc t ion . o f  ant ibodies only after . 
aero s o l  inoculat ion sugge s t s  that the ant �bodies  were 
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produc ed lo ca l ly and po s s ib ly were tgA . Ant ibodies  to 
BHV- 4 may have been synthe s iz e d  by B c e l l s  s ens i t iz ed to 
BHV- 4 e i ther in the nas al pas s ages  or the sys temi c 
c irculat ion . Transudat ion or s e le c t ive transport of IgG 
ant i - BHV- 4  virus ant ibodie s from the sys t emi c c ir culat ion 
to the muco sa l  surfaces  probab ly didn ' t o c cur s ince nas al 
ant ibody was no t s e en in 1M- ino culated anima l s  de sp ite 
comparab l e  s erum ant ibody t i ters in the IN- IT and 
IM- inocuiated anima l s . The de tect ion o f  ant ibo dy to 
BHV- 4 in the nasal cavi ties  al s o  pre c e ded the appearance 
o f  s erum ant ibody by 3 days . Transudat i on o f  IgG has 
b een reported to �c cur after intranas a l  ino culat ion o f  
ca lve s wi th BHV- 1 ( 14 ) . The appearance o f  nas a l  ant ibody 
could no t. b e  correlated with the disappearance o f  
infe ct iou·s virus from the nasal mucus , s ince no c l inical 
d i s e a s e  was produced in the inoculated anima l s . In 
s tudie s wi th BHV- 1 and P I3 , the ce s s at ion o f  nas a l  
she dding o f  virus and abatement o f  c l in i cal  d i s e a s e  
corre late with the appe arance o f  local ant ibody in the 
nas a l  s e cret ions ( 1 2 ,  1 4 , 2 6 , 2 9 , 3 0 ) . 
'In conc lus ion , this  s tudy demons trated a CHI 
respon s e  as me asured by lympho cyte b las tog
.
en�s is  wi thin 2 
to 7 days fo l l owing ino culat ion o f  adul t cows , but no t 
c a lve s , with BHV- 4 . Sys temic humora l ant ib o dy t i ters 
were highe s t  fo l lowing s econdary ino culat ion o f  the 
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ca lves wi th BHV- 4 .  S erum ant ibo dy t i ters t o  BHV - 4  were 
s imil ar in magni tude in IM and IN , IT - inoculated calves , 
but per s i s te d  for longer periods o f  t ime in the lat ter 
group . Virus  spec ific ant ibody was a l s o  de te c te d  in the 
nas a l  s e cret ions fo l lowing aero s o l , but no t parenteral , 
expo sure with BHV - 4 . 
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CONCLUS IONS 
A lympho cyte b las togene s i s  as s ay was deve loped to 
dete c t  the pre s ence of peripheral b lood lympho cyt e s  
s ens i t i z e d  to  b ovine herpesvirus type 4 ( BHV- 4 )  ant igens 
pre s en t  on the p lasma membrane o f  infec t e d  c e l l s . 
Blas togenic respons e s  to BHV-4 surface ant igens were 
shown to vary depending upon the e ffector to targ e t  cell  
rat io s  when Vero cel l s  were used as targe t s . Lymphocyte 
re spon s ivene s s  to bovine skin f ibrob las t s - 13 ( BSF- 1 3 ) and 
Vero target c e l l s  was dependent on the mul t ip l ic i ty o f  
infe c t ion o f  BHV- 4 us ed t o  inoculate the targ e t  c e l l s . 
An in vitro incubat ion t ime o f  5 days for bovine 
embryonic . lung ( BEL ) and BSF- 13  c e l l s  and 6 days for Vero 
c e l l s  was required to s t imulate effe c tor ce l l s  ( PBL s ) . 
�llii le s t imulat ion indi ces ( S I )  and net couri t s  per minute 
( CPM) , which were s tatis tically s ignifican t  from 
preino culat ion va lue s were seen wi thin 2 to 7 day s 
fo l lowing experimental ino culat ion o f  adult  cows in 
Experimen t  1 ,  the S i s  and ne t CPMs ob taine d fo l lowing 
intranas a l - intratrachea1 ( IN- I T ) , or intramus cular ( IM )  
inoculat ion o f  2 -month - o l d  calve s were no t s igni fi cant ly 
different from tho s e  ob taine d for unino culated contro l 
calve s . Humoral immunity to BHV- 4  appeared to be the 
maj or immune re sponse  after secondary inocul at ion o f  the 
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calve s . S imil ar leve ls  o f  BHV- 4 s erum ant ib o dy were 
demons trate d in IM- or IN and IT- ino culated c a lve s . 
However , s erum ant ib o dy in IN and IT- ino culated c a lve s 
pers i s ted for longer periods o f  t ime . Int ranas a l  
ino culat ion o f  virus as opp o s e d  to parental  inocul at ion 
was more conduc ive to ant ibody pro duc t ion in the nas a l  
cavi t ie s . Nas al ant ibody was fir s t  det e c t e d  7 to  1 0  days 
fo l lowing IN , IT inoculation , wi th four - fo l d  incre a s e s  . in 
antib o dy t i ter o c curring wi thin 7 to  1 0  days fo l lowing 
aero s o l  cha l lenge . 
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Appendix Tab le I .  Rectal Temperatures o f  Group 1 ( IM ) , 
Group 2 ( IN ,  I T ) , and Group 3 . 
( Contro l s ) Fo l lowing Ino culat ion 
with BHV-4  
Day s  
P I  
- 1 0  
- 5  








1 0  
1 4  
1 8  
2 l t  
2 2  
2 3  
2 4  
2 5  
2 6  
2 8  
3 1  
3 5  
3 9  
Group 1 
1 0 2 . 3±0 . 1  
1 0 2 . 4±0 . 2  
1 0 2 . 5±0 . 2  
1 0 2 . 4±0 
1 0 2 . 4±0 
1 0 2 . 2±0 . 1  
1 0 2 . 4±0 . 1  
1 0 2 . 2±0 . 1  
1 0
.
2 .  2±0 . 1  
1 0 2 . 2±0 . 1  
1 0 1 . 9±0 . 1  
1 0 2 . 3±0 . 1  
1 02 . 3±0 . 3  
1 0 1 . 8±0 . 2  
1 0 2�. 3±0 . 2 
1 0 2 . 4±0 . 2  
1 0 2 . 1±0 . 2  
1 0 2 . 6±0 . 1  
1 0 2 . 1±0 . 3  
1 0 2 . 1±0 . 3  
1 0 1 . 9±0 . 2  
1 0 2 . 3±0 . 2  
1 0 1 . 9±0 . 3 
Group 2 
1 0 2 . 2±0 . 1  
1 0 2 . 1±0 . 2  
1 0 2 . 5±0 . 1  
1 0 2 . 0±0 . 3  
1 0 2 . 4±0 . 1  
1 0 2 . 2±0 . 1  
1 0 2 . 4±0 . 2  
1 0 2 . 8±0 . 2  
1 0 2 . 5±0 . 2  
1 0 2 . 2±0 . 4  
1 0 2 . 1±0 . 1  
1 0 1 . 9±0 . 1  
1 0 2 . 1±0 . 1 
1 0 2 . 1±0 . 2  
1 0 2 . 1±0 . 4  
1 0 2 . 1±0 . 1  
1 0 2 . 1±0 . 1 
1 0 2 · . 5±0 . 1 
1 0 1 . 9±0 . 1  
1 0 1 . 8±0 . 3  
1 0 2 . 3±0 . 1 
1 0 2 . 5±0 . . 4 
1 0 2 . 0±0 
*Primary virus ino culation . 
t S econdary virus inoculation . 
Group 3 
1 0 1 . 9±0 . 1  
1 0 1 . 9±0 . 1  
1 0 2 . 4±0 . 2  
1 0 2 . 1±0 . 5 
1 0 2 . 4±0 
1 ·0 2 . 2±0 . 2 
1 0 2 . 3±0 . 1  
. 1 0 2 . 3±0 . 2  
1 0 3 . 2± 1 . 2 
1 0 3 . 0±0 . 8  
1 0 1 . 6±0 
1 0 2 . 0±0 . 6  
1 0 1 . 8±0 . 2  
1 0 1 . 7 ±0 . 1  
f 1 0 2 . 0±0 . 2  
1 0 1 . 9±0 . 3  
1 0 1 . 7±0 . 1  
1 0 2 . 1±0 . 1  
1 0 2 . 4±0 
1 0 2 . 3± 0 . 3  
1 0 2 . 7±0 . 1  
1 0 1 . 8±0 . 2 
1 0 2 . 0±0 
Each va lue repre s en t s  the mean ± S . E . of 3 calve s in 
Group s 1 and 2 and 2 contro l calve s in Group . 3 . 
6 7  
Appendix Tab le I I . Re sp iration Rates /Minute o f  Group 1 
( IM ) , Group 2 ( IN ,  IT ) , and Group 3 
( Contro l s ) Fo l lowing Inoculat ion wi th 
BHV-4 
Days 
- 1 3  
- 1 0 
- 5  




1 0  
1 4  
1 8  
2 l t 
2 3  
2 5  
2 8  
3 1  
3 5  




6 3± 1 4  4 3±10  
6 2±15  5 0±15 
6 9±6 4 7± 1 2  
4 6±5 3 9±13 
5 6± 1 0  3 9±1 1 
5 1±9 4 1±14 
5 1±15  3 2±9 
3 8±8 3 1±10 
3 5±9 3 0±8 
4 5± 1 0  3 4±8 
3 7± 1 1  2 9± 7  
4 7± 1 1  3 3±9 
4 3±6 3 1±10 
3 7± 1 1  2 9±9 
4 2±8 3 3±6 
3 8± 1 2  2 8±5 
4 5± 1 1  3 2±3 
*Primary virus inoculat ion . 
t Secondary virus inoculation . 
Each va lue repre s ents  the mean 
rate7min 
2 GrauE 3 
7 0  
4 6±2 4 
38±18  








3 6±2  
4 0±4 
3 6± 1  
3 6±6 
2 7±2  
4 0±9 
± S . E .  o f  3 calve s 
Group s 1 and 2 and 2 contro l calve s in Group 3 .  
in 
6 8  
Appendix Tab le I I I . Hema to logic Va lue s of Group 1 ( IM ) , Group 2 ( IN ,  IT ) , and 
Group 3 ( Contro l s ) Fo l l owing Ino culat ion with BHV- 4 
Group 1 · ---- - ----u-roup -z--- - --- --- Group 3 
Days . WBC 
. Neutr Lymphs . WBC Neutr Lymphs . WBC Neutr Lymphs 
- 5  




1 0  
1 4  
1 8  
2 1 § 
2 3  
2 5  
28  
3 1  
3 5  
3 9  
9 . 0±0 . 9  
.9 � 0± 1 . 1  
8 0 2'± 1 . 4 
8 . 1±1 . 1  
8 . 9±0 . 5  
8 . 4 ±0 . 4  
9 . 4 ±0 . 3  
9 . 3±0 . 3  
1 0 . 7±0 . 9  
8 .  7±0 0 3 . 
9 . 9±0 . 8  
8 .  3 - 0 0 7 
9 .  9·±o . a 
8 . 4 ±0 . 7  
7 . 7±1 . 2  
3 4 ± 2  
3 7 ±6 
4 2±2 
2 8±4 








2 7 ± 1 3  
2 5± 1  
2 7 ±8 
5 6±6 
. 5 5±5 
4 3±3 
5 9± 1 1  
6 1± 3  
6 0 ±3 
7 7 ±4 
8 0±2 
5 8±5 
5 4± 1 0  
5 0±1 
6 9±3 
6 7± 16 
6 8 ± 1  
6 7± 1 1  
8 . 5± 1 . 7  
1 0 . 1±0 . 8  
9 . 8± 1 . 4  
9 . 3±0 . 7  
10 . 8± 1 . 4  
9 . 4 ±0 . 8  
1 2 . 5 ± 1 . 4  
9 . 7 ±0 . 8  
9 . 9±0 . 5  
9 . 8±0 . 6  
1 1 . 1±0 . 9  
10 . 6± 1 . 2  
1 1 . 6±2 . 8  
9 . 2±0 . 9  
1 0 . 2± 1 . 1  
2 4 ± 5  
3 9 ± 1 0  
5 0±4 
4 8±3 
4 7 ±7  
4 6±4 
3 7 ±5 
2 7 ±6 
3 6±3 
3 5±4 
3 6 ± 7  
3 3± 9  
2 2± 7  
2 9±4 
3 1±4 
6 7 ± 2  
5 6± 7  
4 5± 2  
4 8±3 . 
4 8± 7  
4 9± 7  
5 3± 9  




6 2± 1 0  
7 5±8 
6 7 ±4 
6 4 ± 7  
WFriiiiary virus ino cula tion . 
' 
§ S econdary virus ino cu l a t ion . 
1 0 . 3± 1 . 1 
1 3 . 0± 4 . 6  
1 5 . 6±4 . 5  
1 2 . 6±4 . 2  
1 2 . 6±2 . 3  
1 1 . 4±2 . 9  
1 2 . 5± 1 . 0  
1 2 . 0±0 . 8  
' 1 3 . 2± 0 . 3  
1 2 . 5 ±0 . 1 
1 1 . 1± 0 . 2  
1 1 . 9±0 . 2  
1 2 . 2± 1 . 4  
1 0 . 6±0 . 7  
1 1 . 8±0 . 2  
2 7 ± 9  
4 0±6 
4 0± 7  
2 9±0 . 5  
3 7±0 . 5 · 
4 1± 1 1  
2 4 ±4 
3 1± 3  
5 3± 1 7  
4 6± 1 4  
4 9± 2 4  
1 5 ± 2  
3 6± 1 6  
2 4 ± 3  
2 6±6 
6 7 ±5 
5 0±7 
4 7± 7  
6 5±5 
5 7±6 
5 5± 1 3  
6 9± 3  
6 0 ±8 
3 9±2 2 
4 8± 1 4  
3 9± 2 4  
7 9± 3  
5 6± 1 9  
6 9 ± 7  
6 9±3 
Each · va lue repre s en t s  the me an ± S . E .  o f  3 c a lves in Group s 1 and 2 and 2 
c a lve s . in Group 3 .  3 WBC = To t a l  wh i t e  b l ood ce l l  count x 1 0  / mm3 . 
Neutr � No . o f  segmen ted neut rophi l s / 1 0 0  WBC s  counted . 
Lymph s = No . o f  lymphocyte s / 1 0 0  WBC s  count e d . 
0'\ 
\0 
App endix Tab le IV . Re sul t s  o f  Lympho cyt e  B l a s togene s i s  As s ay Fo l lowing 
Ino culat ion with BHV- 4 - - Group 1 ( I�t) , Group 2 ( IN ,  IT ) , 






1 0  
1 4  
1 8  
2 l tr  
2 3  
2 5  
2 8  
3 1  
39  
Group 1 
S I  N e t  cpm 
0 . 8 ±0 . 1  - 3 0 6  
1 . 7 ±0 . 6  4 6 2  
1 . 3±0 . 2  7 4  
1 . 0±0 . 2  - 5 5 7 
1 . 5± 0 . 3  2 8 5  
0 . 6±0 . 1  - 1 1 2 6  
. 0 .  7±0 ·. 2 - 5 4 6  
0 . 4±0 . 1  - 1 1 6 8 
0 . 9 ±0 . 1  - 5 2  
0 . 3±0 . 1  - 1 2 2 1  
0 . 6±0 . 1  - 4 5 8  
0 . 9±0 . 1  - 1 1 7  
0 . 9±0 . 2  - 1 1 5 3  
§Primary· virus ino culation . 
tr S econdary virus inoculat ion . 
Group 2 Group 3 
S I  Ne t cpm . S I  N e t  cpm 
1 . 0±0 . 2  - 4 3 8  0 . 5± 0 . 1  - 1 6 9 0  
0 . 8±0 . 2  - 1 4 6 5  1 . 0±0 . 1  - 2 0 4  
1 . 0±0 . 1  - 6 9 1 . 1± 0 . 1  4 2  
2 . 0±0 . 5  1 2 6 7 4  0 . 6±0 . 1  - 6 7 7  
2 . 1±0 . 6  2 8 7 1  1 . 2± 0 . 2  7 6  
0 . 5 ±0 . 1  - 4 6 5  0 . 4 ±0 . 1  - 1 1 3 0  
0 . 8±0 . 2  - 1 2 3  0 . 4±0 . 1  - 1 4 0 0  
0 . 8±0 . 2  - 4 0 1 1 0 . 4±0 . 1  - 9 8 2  
1 . 5±0 . 4  7 4 5  1 . 0±0 . 3  - 3 7 7  
0 . 9±0 . 2  - 1 4 7  0 . 7 ± 0 . 2  - 4 5 0  
0 . 8±0 . 2  - 1 5 1 . 0±0 . 3  - 5 8 
1 . 0±0 . 2  - 6 0 3  0 . 6± 0 . 1  - 2 7 5  
2 . 7±0 . 8  3 7 6 2  1 . 0±0 . 3  - 1 2 0 6  
Each va lue repre s ent s the me an ± S . E . o f  3 c a lves i n  Group s 1 and 2 and 2 
contro l ca lve s in Group 3 .  
S I  = S t imul a t ion index = average CPM on virus inocu l a t e d  c e l l s  
average CPM on unino culat ed cells 
Net CPM = Mean CPM on virus ino cul a t e d  c e l l s  - mean CPM on un ino cula t e d  
ce l l s . 
'-J 
0 
Appendix Tab l e  V .  S t imulat ion Ind i c e s  Ob t a ine d for Indiv i dual Animal s  Fo l lowing 
Ino cul at ion with BHV- 4 - -Group 1 ( IM ) , Group 2 ( IN ,  I T ) , Group 
3 ( Contro l s ) 
Group I GrouS I I  ------croup_I_n Days 51 52 53 54 5 56 57 5E 
- 5  1 . 4  0 . 7  0 . 9  1 . 5  0 . 8  1 . 0  0 . 8  1 . 2  
0*  0 . 6  0 . 8  0 . 9 1 . 5  1 . 8  0 . 6  0 . 4  0 . 6 
2 2 . 8  0 . 8  1 . 6  1 . 1 1 . 0  0 . 4  1 . 2  0 . 7  
4 1 . 3  1 . 2  1 . 6  1 . 1  1 . 0  0 . 9  1 . 3  0 . 9  
7 1 . 1 1 . 4  0 . 5  4 . 1  1 . 0  1 . 5 0 . 6  0 . 8  
10  1 . 6 . 1 . 1 1 . 7  3 . 4  1 . 8  1 . 0  1 . 3  1 . 1  
14 0 . 2  0 . 8  0 . 5  ND 0 . 3  0 . 8  0 . 4  0 . 5  
18  0 . 2  1 . 1 0 . 8 1 . 2  0 . 4  ; 0 . 8 0 . 4  0 . 3 
2 l t  0 � 6  0 . 2  0 . 6 1 . 4  0 . 2  0 . 9 0 . 6  0 . 3  
2 3 . 1 . 1 0 . 7  1 . 0  3 . 2  0 � 7  0 . 6  1 . 5  0 . 4  
2 5  0 . 3  0 . 3  0 . 3  1 . 2  0 . 6  1 . 0  1 . 1  0 . 3 
28 0 . 6  0 . 6  0 . 7  1 . 6  0 . 5  0 . 4  1 . 3  0 . 6  
3 1  0 � 7  0 . 9  1 . 1  0 . 7  0 . 8  1 . 4  0 . 7  0 . 6  
3 9  0 . 6  1 . 5  0 . 5 . 6 . 0  0 . 5  1 . 6  . 1 . 7  0 . 2  
ND = No t de termined . 
*Primary virus ino cul a t ion . 
t Secondary virus ino cul at ion . 
·Each va lue repre s ent s the mean of 4 rep l i c a t e s  for e a ch t e s t anima l . 
........ 
t-' 
_Appendix Tab le VI . Ne t Coun t s  Per Minute Ob t a ined for Indiv i dual Animal s  
Days 








2 l t  
2 3  . 
. 2 5  
2 8  
3 1  
. 3 9  
Fo l lowing Ino cul a t ion w'i th BHV - 4 - -Group 1 ( IM ) , Group 2 
( IN ,  IT ) , Group 3 ( Cont ro l s ) 
51 
Grou� I 
2 53 54 
GrouE 2 
55 
1 1  - 3 4 7 - 2 4 0  9 4 2  - 4 5 8  . 
.: 2 3 2  - 5 4 8  - 15 0  6 7  - 2 4 6  
1 3 4 6  - 2 0 9  2 5 1  1 2 0  - 4 2  
1 3 1 6 9  2 2  - 3 8  - 1 3 
- 3 3 3 . 4 1  - 1 3 7 9  4 5 5 5 8  7 5  
10 2 7 . 2 7  - 1 9 8  7 1 5 8  4 5 1  
- 4 3 7 .:.. 1 6 8  - 2 1 9 0  ND - 6 6 9  
- 1 3 3 4  - 5 1  - 2 5 2  2 - 2 8 1 
- 4 2 8 - 2 1 1 2 - 9 6 6  . 9 3 3  - 18 5 7  
9 - 2 2 5  6 1  3 3 9 5  - 4 6 6  
- 4 2 7  - 8 8 6  - 23 5 1  1 2 6  - 4 5 5  
- 4 2 9 - 3 5 0  - 5 9 5  14 1 7  - 7 8 6  
- 3 0 7  - 6 6  2 2  - 1 7 4 7  - 3 5 0  
� 4 0 8  3 7 2  - 3 4 2 5  1 1 3 6 8  - 1 5 5 0  
ND = No t defermine-d. - --- --- ----� 
* Primary virus ino cul a t ion . 




2 5  - 3 8 9  - 1 2 7 
- 1 13 6  - 1 3 8 4  - 19 9 7  
- 4 4 7 1  2 2 3  - 6 3 0  . 
- 15 7  2 0 7 - 1 2 3 
6 1 0 - 5 8 8  - 4 5 4  
- 2 0 7  1 3 8  1 5  
- 3 6 3  - 18 8 8  - 5 6 1  
I - 8 9  - 5 0 7  - 2 2 9 1 
- 2 7 9  - 4 9 5 - 1 4 7 0 
- 6 9 6  4 8 5  - 1 2 3 9  
- 1 1 1  - 1 9 2  - 7 0 7  
- 6 7 6  9 3  - 2 0 9  
2 8 9  . - 3 3 7 - 2 1 4  
7 5 2  1 1 7 7 - 4 3 8 4  
Ne t CPM = Mean CPM on BHV- 4 infe c t ed c e l l s  - . mean CPM on uninfe c te d  c e l l s . 
Each va lue repre s en t s  the me an o f  4 rep l i c a t e s  for each t e s t anima l . 
...... 
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